CUT  HAULAGE  COSTS! 

Exide  -  Ironclad  Batteries  provide  locomo¬ 
tives  and  trammers  with  sustained  power, 
keeping  hauling  service  uninterrupted 
throughout  an  entire  shift.  For  exceptional 
loads  and  grades,  these  batteries  have  an 
enormous  reserve  of  power.  Because  of 
their  long  life,  low  cost  of  maintenance, 
and  economy  at  the  charging  panel,  Exide- 
Ironclads  will  do  your  hauling  at  a  saving. 
Write  for  new  booklet,  "Storage  Batteries 
for  Underground  Haulage.” 

THE  ELECTRIC  STORAGE  BATTERY  CO.,  Phila. 

The  World's  Largest  Manufacturers  of  Storage 
Batteries  for  Every  Purpose 
Exide  Batteries  of  Canada,  Limited,  Toronto 

£xi5e 
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NOT  RETOUCHID 


THE  ASM  CO  .  (LONDON I.  I’O 
ENGLAND  — 63  Lincoln  Inn  fi«ld«,  londo" 


AllEN-SHERMAN-HOFF.  LTD. 
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the  ALLEN. SMERMAN-HOFF  CO. 
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boy  is  neither  overburdened  nor  strained.  The  service  weight  of  Maxi] 
Parts  is  only  1/40  that  of  equivalent  metal  parts,  for  they  actually 
1/10  as  much  as  metal  and  in  handling  pulps,  they  Wear  4  Times  As  Ir 
Aside  from  being  easily  handled,  this  Saving  of  97.S  per  cent,  in  Repair  j 
W eight  is  especially  economical  for  mines  at  inaccessible  locations.- 
Hydroseal  Principle,  which  prevents  leakage  back  to  the  pump  suction,  c 
bined  with  Maximix  Protection  prevents  any  of  the  abrasive  material  bi 
pumped  from  wearing  or  even  touching  any  metal  part  of  the  pump. 
Maximix  Parts,  pictured  in  white  in  the  diagram,  are  easily  replaced  in 
field, — No  Vulcanizing.  Install  a  Maximix  Protected  Hydroseal  Sand  Pi 
Where  Conditions  Are  Most  Grueling;  Save  one-third  in  Power  Costs 
Laugh  at  Your  Former  Maintenance  Costs.  Hydroseal  Designs  are  cov 
by  patents  and  applications  in  the  major  mining  centers  of  the  wi 
Hydroseal  Sand  Pumps  can  be  purchased  only  through  the  companies  II 
below.  New  Bulletin  8634  sent  on  reqi 


Sand  Pump  MAXIMLX  \  mtected 
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Trout  and  Cyanide.  How 
much  cyanide  will  trout  toler¬ 
ate  in  their  native  streams  ? 
Professor  Karsten,  of  the  South 
Dakota  School  of  Mines,  in¬ 
vestigated  the  matter  {The 
Black  Hills  Engineer,  May, 
1934)  and  found  that  concen¬ 
trations  of  cyanide  ion  of  over 
1  part  per  million  are  certain 
to  kill  all  trout  in  a  stream  in 
20  minutes.  As  low  as  SO  parts 
in  a  billion  are  effective  in 
time;  and  20  parts  in  a  billion 
may  be  taken  as  the  minimum 
that  a  stream  can  contain  with¬ 
out  killing  trout.  Fishermen 
look  askance  at  cyanide  mill 
effluents. 

• 

Speaking  on  Engineering  Re¬ 
search  at  the  installation  of  the 
M.I.T.  Chapter  of  Sigma  Xi, 
Vannevar  Bush,  dean  of  engi¬ 
neering,  made  the  following 
pertinent  observation ;  “There 
has  been  too  much  in  this  coun¬ 
try  of  what  may  be  called 
Christmas  tree  engineering.  A 
product  has  a  fault,  so  a  gadget 
is  added  to  correct  it.  But  now 
the  gadget  develops  a  difficulty, 
so  a  second  gadget  is  put  on  to 
remedy  it.  The  continuation  of 
this  process  produces  something 
resembling  a  Christmas  tree  in 
the  multiplicity  of  its  compli¬ 
cated  elements.  This  sort  of 
thing  is  usually  the  result  of 
exaggerated  attention  to  the  im¬ 
mediate  at  the  expense  of  the 
basic.’’ 

• 

The  DU  Pont  Company  and 
Dayton  Rubber  announce  the 
production  of  the  first  Amer¬ 
ican  synthetic  rubber  automo¬ 
bile  tires,  which  look  like  real 
rubber  and  wear  fully  as  well. 
Acetylene,  salt,  and  water  are 
the  ingredients  employed,  and 
the  acetylene  is  produced  from 
coal  and  limestone.  The  min¬ 
eral  industries  may  be  the 
source  of  some  “rubber  dollars” 
one  of  these  days. 
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The  Blue  Eagle  is  truly  a 
“blue  bird  of  happiness,”  adver¬ 
tises  a  New  York  department 
store,  enthusiastic  over  an  up¬ 
turn  in  sales.  This  is  quite 
different  from  the  name  used 
by  the  Senator  from  Virginia, 
who  called  it  a  “black  buz¬ 
zard”  not  so  long  ago.  This 
indicates  that  some  people 
should  know  their  birds  better; 
also  that  there  are  differences 
of  opinion  as  to  NRA. 

• 

Glagolev  Push  Integrator 
has  a  Russian  sound,  and  the 
device  is  Russian.  With  it  min¬ 
erals,  alloys,  and  various  other 
PXoducts  can  be  analyzed  with 
speed  and  convenience  directly 
under  the  microscope,  it  is 
claimed.  It  is  the  invention  of 

A.  A.  Glagolev,  of  the  Institute 
of  Economic  Mineralogy,  in 
Moscow,  who  has  written  an 
article  about  it  which  will  ap¬ 
pear  soon. 

• 

Gold-Bearing  Volcanic  Ash 
in  Chile  has  caught  the  atten¬ 
tion  of  F.  R.  Koeberlin,  con¬ 
sulting  geologist  of  Santiago. 
The  values  are  extremely  low, 
but  the  tonnage  is  vast.  One 
may  hazard  the  guess  that  .such 
deposits  may  eventually  offer 
just  as  good  a  bet  as  sea  water. 
An  early  issue  will  contain  an 
article  covering  their  geological 
features. 

• 

B.  F.  Tillson,  author  of  the 
current  series  of  articles  on 
silicosis,  is  the  organizer  and 
director  of  an  80-piece  civic  or¬ 
chestra  in  Montclair,  N.  J., 
which  has  been  the  subject  of 
much  favorable  comment.  A 
“self-made”  family  orchestra, 
developed  several  years  ago 
while  mine  superintendent  for 
the  New  Jersey  Zinc  Company 
at  Franklin,  N.  J.,  appears  to 
have  provided  the  training  for 
the  Montclair  achievement. 
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Years  of  conjecture, 

experimentation  and  analy- 
sis  have  not  yet  fully  solved  x.  P-  " 

the  puzzle  of  what  takes  place  in  the  W***«\. 

flotation  machine.  One  fact,  how-  ^||B  f 

ever,  has  become  increasingly  true  ^ 

during  the  last  decade:  that  when  ^  , 

you  use  xanthates  as  reagents,  your 
recoveries  are  consistently  high.  li 

Mill  operators  have  proved  this 
from  practical  experience  with  xan- 
thates,  and  metallurgists  have  ob-  !  , 
tained  additional  information  from  . 
experimentation.  Both  together 
have  contributed  greatly  to  progress 
in  the  art  of  flotation.  Since  1924 
when  Great  Western  introduced  the 
first  commercial  xanthate,  we  have  made  every  effort 
to  interpret  the  findings  of  both  mill  men  and  metal¬ 
lurgists  in  the  form  of  more  efficient  xanthates — bet¬ 
ter  ones  to  do  the  jobs  of  the  early  xanthates,  and 
new  ones  to  do  particular  jobs  for  which  their  prede¬ 
cessors  were  not  designed. 


This  is  the  reason  why  Bear  Brand  Tenth- Anniversary 
Xanthates  are  six  in  number.  They  work  well  either 
singly  or  in  combination.  And  as  new  developments 
take  place.  Bear  Xanthates  will  be  developed  to  take 
advantage  of  the  greater  knowledge  available.  Let  us 
send  you  samples  of  the  six  Bear  Xanthates. 


BEAR  BRAND  XANTHATES 

Z-3-POTASSIUM  XANTHATE  •  Z-4-SODIUM  XANTHATE  •  Z-S-AMYL  XANTHATE  •  Z-6-PENTASOL  XANTHATE  •  Z-T  and  Z-8-BUTYL  XANTHATES 
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Political  Embarrassment 

Of  the  Bureau  of  Mines 


AS  THE  July  issue  of  Engineering  and 
Mining  Journal  was  about  to  go  to  press, 
^  an  almost  incredible  story  reached  us  re¬ 
garding  the  Bureau  of  Mines.  A  new  Director 
had  been  appointed.  Straightway  the  news  was 
countermanded.  Then  came  the  amazing  sequel. 
There  had  been  a  hitch  in  the  proceedings;  the 
President  had  left  on  his  thirty-day  vacation  with¬ 
out  signing  the  new  appointee’s  commission.  But 
the  news  of  his  action  had  not  permeated  official 
circles  quickly  enough  to  forestall  preparations 
for  the  ceremony  of  administering  the  oath  of 
office  to  the  expectant  candidate.  Finally  it  was 
discovered  that  the  appointment  had  been  “held 
up  temporarily  because  of  political  objections 
by  P.M.G.” 

•  Imagine  the  embarrassment  of  the  situation. 
The  Secretary  of  the  Interior  recommends  a  new 
Director  of  the  Bureau  of  Mines  and  is  so  far 
assured  of  his  appointment  as  to  bring  him  to 
Washington  to  be  commissioned.  The  stage  is 
set  for  administering  the  oath  of  office.  Not 
until  then  is  it  tardily  discovered  that  “political 
objections”  on  the  part  of  the  Postmaster  Gen¬ 
eral  have  made  the  whole  proceeding  abortive. 
Meantime,  the  incumbent  Director  received,  in 
effect,  an  automatic,  though  possibly  unwelcome, 
reprieve  until  the  President  should  return  to  face 
the  dilemma.  The  curtain  of  charity  might  well 
have  been  drawn  over  the  scene  at  an  earlier 
moment. 

•  The  incident  marks  a  climax  in  a  series  of  polit¬ 
ical  maneuvers  that  have  embarrassed  and  handi¬ 
capped  the  Bureau  of  Mines  under  this  Adminis¬ 
tration.  First  its  offices  were  decentralized  and 
scattered  over  Washington.  Its  transfer  from 


Commerce  to  Interior  hung  in  the  balance  for  a 
long  time,  with  resultant  stepchild  existence.  For 
months  there  have  been  persistent  rumors  that  a 
new  Director  would  be  appointed,  and  numerous 
candidates  have  been  “practically  assured”  of  the 
job.  Finally,  the  fiasco  of  early  July  was  enacted, 
revealing  the  political  influence  of  the  Postmaster 
General  and  needlessly  embarrassing  estimable 
men  who  deserve  better  treatment. 

•  Needless  to  say,  no  organization,  governmental 
or  private,  can  function  effectively  in  a  continuous 
state  of  apprehension  that  distracts  attention 
from  official  duty.  Such  conditions  inevitably 
breed  internal  disorder,  insubordination,  gossip 
and  factional  alignments,  and  destroy  construc¬ 
tive  effort.  Nor  is  their  influence  confined  to  the 
organization  itself.  They  invariably  seep  outside, 
reflecting  discredit  and  engendering  a  lack  of  con¬ 
fidence. 

•  The  plain  duty  of  the  Administration  is  to  end 
this  state  of  affairs  at  once.  The  Bureau  of 
Mines  is  the  governmental  agency  of  a  great  basic 
industry,  and  as  such  merits  commensurate  con¬ 
sideration.  It  is  a  technical  bureau.  Its  Director 
and  personnel  should  be  selected  primarily  for 
their  technical  qualifications,  with  remote  regard 
for  “political  objections.”  Their  appointment 
and  retention  should  be  kept  free  from  the  ob¬ 
vious  taint  of  political  patronage.  On  his  return 
the  President  faces  a  delicate  situation  in  his  offi¬ 
cial  family.  But  he  should  act  promptly,  either 
openly  retaining  the  present  Director  or  appoint¬ 
ing  his  successor.  An  end  must  be  made  to  the 
suspense  and  uncertainty  of  the  past  year  if  the 
Bureau  of  Mines  is  to  escape  still  further  in¬ 
dignity  and  disintegration. 
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Tuba  Consolidated 
Gold  Fields’  No.  17 
dredgre.  as  placed  in 
commission  on  July 
16,  1934,  after  be¬ 
ing:  redesigrned  and 
enlarg:ed 


#35  Gold  Stimulates  the 

Dredge  Designer’s  Ingenuity 


C  M,  Komanowitz  and  George  J.  Young 


No  new  ground  was  available.  The 
dredging  fraternity  dispersed,  some  of  its 
members  going  to  other  countries,  and 
California  gold  dredging  men  became 
international.  But  then,  under  the  magic 
wand  of  governmental  enactment,  the 
impossible  was  accomplished.  More  gold 
was  not  placed  in  the  ground,  but  the 
lawful  money  value  of  it  was  increased, 
and  as  a  result  California  gold  dredging 
revived.  Marginal  areas  that  formerly 
could  not  be  profitably  worked  shifted 
into  the  borderland  of  possibilities.  With 
the  higher  value  of  the  metal  came  em¬ 
ployment  to  mining  engineers  and  an¬ 
other  period  of  activity  in  the  gold¬ 
dredging  industry  of  this  romantic 
State. 

Engineers  of  the  Yuba  company  made 
a  revaluation  of  the  company’s  holdings 
and  delineated  areas  that  could  now  be 
worked.  One  of  these  is  in  the  vicinity 
of  Hammonton,  and  here  the  company 
decided  to  start  a  new  mining  operation. 
Much  of  this  placer  deposit  lay  deeper 
than  had  been  worked  before,  and  to 
dredge  the  new  ground  a  digging  depth 
of  150  ft.  was  necessary.  If  the  company 


Yuba  consolidated  Gold  Fields’ 
dredge  No.  17  had  completed  its 
allotted  work  in  the  Hammonton, 
Calif.,  gold  dredging  area  and  was  be¬ 
ing  held  for  sale  to  some  other  mining 
company  or  for  dismantlement  and 
scrapping.  It  represented  one  of  a  series 
of  gold  dredges  constructed  by  the  Yuba 
Manufacturing  Company  for  the  mining 
company,  and,  in  its  time  and  even  at 
the  last  it  was  recognized  as  the  culmi¬ 
nation  of  improved  gold-dredge  con¬ 
struction.  Under  the  regime  of  the  old 
fixed  price  of  gold  the  operations  of 
Yuba  Consolidated  decreased  as  its  best 
ground  was  worked  out,  and  apparently 
only  marginal  areas  remained.  The 
final  point  of  extinction  was  indicated. 
The  number  of  gold  dredges  in  opera¬ 
tion  diminished  from  the  maximum  of 
12  in  1911  to  only  3  in  1932.  Yuba  No. 
17  was  shut  down  in  1926. 

Gold  dredging  in  California  paral¬ 
leled  the  fortunes  of  the  Yuba  Gold 
Fields  Company  and  rapidly  declined  as 
profitable  areas  were  worked  out.  No 
engineer,  no  magician,  could  put  more 
gold  in  the  ground  than  already  existed. 


built  a  dredge  that  could  excavate  to  a 
depth  of  110  ft.  below  water  level,  the 
height  of  bank  would  range  from  30  to 
40  ft.,  so  that  the  maximum  depth  men¬ 
tioned  would  be  attained.  This  made  it 
possible  to  limit  the  dimensions  of  im¬ 
portant  parts  of  the  dredge. 

The  plan  provided  for  the  utilization 
of  Yuba  No.  17  by  dismantling  it  com¬ 
pletely  and  transporting  the  parts  to 
the  south  side  of  the  Yuba  River.  The 
new  dredge,  which  is  also  known  as 
Yuba  No.  17,  was  designed  to  make  use 
of  such  parts  and  materials  from  the  old 
dredge  as  were  suitable  for  the  new  dig¬ 
ging  conditions.  The  work  of  redesign 
and  construction  was  contracted  to  the 
Yuba  Manufacturing  Company,  of  San 
Francisco. 

Dismantling  of  the  old  dredge  began 
on  Sept.  20,  1933,  and  the  parts  were 
transported  to  the  construction  site  west 
of  Hammonton.  Work  on  the  new  hull 
started  on  Dec.  20,  1933,  and  rapid  erec¬ 
tion  of  the  superstructure  and  installa¬ 
tion  of  the  machinery  followed.  The 
dredge  was  completed  and  placed  in  op¬ 
eration  on  July  16,  1934.  This  in  itself 
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With  Large  Acreages  That  Were  Formerly  Unworkable  Now  Within 
the  Borderland  of  Possibilities,  Yuba  Has  Rebuilt  Its  Boat  No.  17  to 
Handle  Gravels  to  a  Depth  of  150  Ft.  and  Placed  It  in  Commission 


is  excellent  when  one  takes  into  con¬ 
sideration  that  the  total  weight  is  3,220 
tons  and  the  sizes  of  the  various  units 
made  it  necessary  to  depart  from  the 
usual  construction  practice  in  several  in¬ 
stances. 

The  new  dredge  is  the  fruit  of  years 
of  experience  in  design  and  operation 
of  the  Yuba  type  and  is  therefore  of 
interest  to  all  individuals  and  companies 
in  the  business.  Because  of  the  great 
digging  depth,  special  attention  was 
given  to  the  problem  of  avoiding  the 
possibility  of  having  the  tailings  inter¬ 
fere  with  the  cleaning  of  the  bedrock. 
The  maximum  digging  angle  of  the 
ladder  was  limited  to  45  deg.  to  the 
horizontal  and  the  relation  of  digging  to 
stacking  was  so  arranged  as  to  result 
in  no  interference  with  the  former.  Old 
Yuba  No.  17  was  a  highly  developed 
unit  from  the  viewpoint  of  both  design 
and  operation,  and  in  consequence  many 
of  its  parts  fitted  readily  into  the  new 
dredge.  As  may  be  inferred,  the  utiliza¬ 
tion  of  parts  and  materials  of  the  old 
dredge  resulted  in  a  considerable  sav¬ 
ing  in  cost  and  time. 

The  rebuilt  hull  is  of  all-steel  con¬ 
struction  and  is  233  ft.  9  in.  long  by 
68  ft.  wide  and  11  ft.  6  in.  deep.  It  was 
formed  by  adding  to  the  old  hull  a 
35-ft.  9-in.  section  forward  of  the  main 
gantry  and  a  33-ft.  section  near  the 
stern.  It  is  built  of  plates,  angles,  and 
channels  stiffened  by  two  heavy  trusses, 
one  on  each  side  of  the  well  hole,  run¬ 
ning  the  entire  length  of  the  hull.  The 
trusses  support  the  heaviest  machinery 
units.  Reinforcement  was  placed  in  all 
parts  of  the  hull  and  additional  trusses 
where  the  weights  to  be  supported  ex- 


Important  changes  in  standard 
practice  were  required  by  reason 
of  the  great  weight  and  range  of 
the  digging  unit.  Dimensions  of 
the  bucket  ladder  called  for  as¬ 
sembling  the  steel  at  the  site  after 
previous  erection  and  disassem¬ 
bling  in  the  shop.  Two  hundred 
feet  long  between  tumbler  cen¬ 
ters,  it  required  a  special  device 
for  decreasing  the  return  line’s 
catenary  pull.  Design  of  the 
ladder  hoist  was  also  radically 
changed.  By  devising  a  proper 
relationship  between  digging  and 
stacking,  the  possible  interference 
of  tailings  with  the  work  of 
cleaning  up  bedrock  was  avoided. 

♦ 

cceded  those  in  use  upon  the  old  dredge. 
The  weight  of  the  hull  and  superstruc¬ 
ture  is  1,300  tons.  Rivets  required 
totaled  75,000  lb.  I  he  hull  was  launched 
on  March  3,  1934.  in  the  old  pond  oc¬ 
cupied  by  the  wooden  hull  of  Yuba  No. 
13,  which  had  to  be  removed  to  allow 
for  the  exceptionally  large  pond  required 
for  starting  the  dredging  operation.  It 
was  launched  sideways  on  account  of 
the  limited  size  of  the  construction  site 


and  also  the  position  of  the  pond.  This 
method  of  launching  reduced  the  cost  of 
launching  ways. 

Design  of  the  digging  unit,  consisting 
of  bucket  lines,  ladder,  and  accessory 
equipment,  called  for  important  changes 
in  standard  dredge  practice  due  to  the 
great  digging  depth  and  extreme  weight. 
The  total  weight  of  the  digging  system 
is  740  tons. 

The  digging  ladder,  which  supports 
the  bucket  line,  is  of  the  plate-girder 
type  and  is  200  ft.  in  length  between 
tumbler  centers.  So  far  as  known,  it  is 
the  largest  ever  used  in  the  dredging 
industry.  Because  of  this,  some  method 
had  to  be  devised  to  decrease  the  cate¬ 
nary  pull  caused  by  the  great  weight  of 
the  buckets  on  the  return  line.  A  bucket 
idler  on  the  under  side  of  the  ladder, 
patented  by  Colonel  O.  B.  Perry,  was 
made  use  of  by  special  permission.  This 
idler  system  was  selected  because  of  few 
moving  parts  and  low  upkeep  cost.  The 
ladder  is  13  ft.  3  in.  deep  and  5  ft.  6  in. 
center  to  center  of  girders.  Its  weight  is 
315  tons. 

Transportation  difficulties  were 
caused  by  the  extreme  depth  of  the 
girders,  and  it  was  necessary  to  depart 
from  the  usual  practice  of  constructing 
the  ladder  in  sections  and  joining  them 
together  in  the  field.  In  this  instance  the 
steel  was  fabricated  in  the  shops  and 
set  up  for  inspection;  then  disassembled 
and  shipped  to  the  dredge  site.  The 
lower  section,  64  ft.  in  length,  was  put 
together  on  the  ground  and  .the  other 
portion,  136  ft.  long,  was  erected  in 
place,  using  cribbing  for  a  foundation. 
Then  the  lower  section  was  connected 
to  the  upper  portion  after  the  ladder 
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suspension  was  installed.  The  ladder  is 
supported  at  the  upper  end  by  bearings 
on  the  upper  tumbler  shaft.  The  idler  on 
the  underside  of  the  ladder  is  10  ft.  in 
diameter  and  weighs  40  tons.  It  is  placed 
approximately  at  the  midpoint  of  the 
length  of  the  ladder  and  is  designed  to 
take  care  of  its  part  of  the  weight  and 
the  live  load  of  the  lower  half  of  the 
bucket  line  by  dividing  the  catenary  into 
two  parts.  The  idler  is  carried  upon  a 
massive  steel  bracket  with  side  plate 
girders  above  the  idler,  with  wearing 
plates  upon  the  idler  rims  and  wearing 
plates  also  upon  the  idler  support  cast¬ 
ings.  This  arrangement  is  new. 

On  the  line  there  are  126  buckets, 
each  of  18-cu.ft.  capacity.  They  are  of 
the  Yuba  type  and  of  manganese  steel, 
with  reinforcing  for  the  unusual  loading 
upon  them  caused  by  using  the  idler  on 
the  under  side  of  the  ladder.  They  are 
also  equipped  with  a  cast  stop  near  the 
back  eye  to  regulate  the  amount  of  back- 


changed  entirely  and  are  provided  with 
bronze-bushed  sheaves  5  ft.  in  diameter, 
seven  to  the  block.  The  two  upper  and 
two  lower  blocks,  which  are  provided 
with  packing  to  exclude  abrasive  mate¬ 
rial,  require  two  If -in.  special  wire  ropes, 
each  2,100  ft.  long,  for  their  operation. 

The  upper  tumbler  is  of  high-carbon 
chrome  steel  cast  integral  with  the  shaft 
and  is  provided  with  forged  and  heat- 
treated  nickel-chrome  steel  heel  plates 
and  manganese-steel  ear  plates.  It  is 
driven  by  the  main  drive  gearing,  con¬ 
sisting  of  two  large  spur  gears  on  the 
upper  tumbler  shaft,  two  pinions,  and 
two  herringbone  gears  on  an  inter¬ 
mediate  shaft,  and  two  herringbone 
pinions  on  the  pulley  shaft.  The  pulley 
shaft  has  an  adjustable  flange  coupling 
between  the  two  pinions  to  equalize  the 
loading  on  each  set  of  gears;  also  a 
brake  on  one  end  and  a  large  pulley  on 
the  other  end,  which  is  driven  by  the 
main  drive  belt  from  the  ladder  hoist 


The  main  hopper  discharges  into  the 
revolving  screen,  9  ft.  in  diameter  and 
50  ft.  6  in.  long.  The  perforated  length 
is  37  ft.  li  in.  Screen  plates  are  of  abra¬ 
sion-resisting  steel,  with  perforations  f 
to  i  in.  and  i  to  |  in.  The  screen  shells 
are  of  mild  steel  with  manganese-steel 
wearing  bars. 

Nickel-chrome  steel  bars  are  used  for 
lining  which  discharges  directly  upon 
the  stacker  belt.  This  is  44  in.  wide  and 
of  seven-ply  rubber,  with  a  special 
ribbed  surface  to  prevent  the  sands  from 
running  backward.  The  stacker  ladder 
is  250  ft.  in  length  and  is  the  longest 
stacker  ever  used.  The  Yuba  Gold  Fields 
Company  has  previously  employed 
stackers  225  ft.  in  length  on  two  of  its 
dredges,  and  one  dredge  so  equipped  is 
now  in  operation.  The  ladder  on  No.  17 
is  supported  with  a  new  type  of  double 
three-point  suspension  and  is  swung  from 
the  stacker  gantry  at  the  stern.  Two 
direct-connected  worm  gear  winches  are 


lash  when  passing  over  the  idler.  Lips 
are  of  the  inside-outside  type  riveted  in 
place.  Pins  are  7|  in.  in  diameter,  of 
forged  nickel-chrome  steel,  heat-treated. 
Each  bucket,  with  lip,  bushing,  and  pin, 
weighs  2}  tons  and  the  bucket  line  315 
tons. 

The  lower  tumbler,  5  ft.  8  in.  in  diam¬ 
eter,  is  a  nickel-chrome  steel  casting 
with  manganese-steel  side  liners  and 
weighs  20  tons.  The  ladder  rollers,  29 
sets,  are  of  high-carbon  chrome-steel 
castings  pressed  on  nickel-  chrome-steel 
heat-treated  shafts. 

To  study  the  operation  of  the  unit  a 
model  digging  system  was  made  upon  a 
scale  of  1  to  20.  It  consisted  of  a  com¬ 
plete  bucket  line,  ladder  with  idler,  tum¬ 
blers,  suspension,  and  necessary  driving 
equipment,  including  a  motor.  As  a  re¬ 
sult,  much  valuable  information  was  ob¬ 
tained. 

Reinforcement  was  used  in  the  ladder 
suspension  and  new  members  were  added 
where  necessary  to  take  care  of  the  in¬ 
creased  loading.  The  blocks  were 


winch.  The  main  drive  gearing  was 
strengthened  where  necessary  to  suit  the 
new  loading. 

Another  unit  that  was  changed 
radically  in  parts  from  standard  prac¬ 
tice  is  the  main  or  ladder  hoist  winch. 
It  has  two  large  drums  in  tandem  for 
raising  and  lowering  the  ladder.  Each 
drum  can  hold  2,100  linear  feet  of  l|-in. 
wire  rope.  A  special  and  unusual  brak¬ 
ing  system,  direct  acting  and  positive, 
was  installed  as  required  because  of  the 
excessive  weight  of  the  digging  unit. 

Discharge  from  the  buckets  is  re¬ 
ceived  in  the  main  hopper,  which  is  of 
the  same  size  as  that  of  the  old  dredge 
but  is  lined  with  abrasion-resisting  steel, 
i  in.  thick,  and  is  provided  with  a  bot¬ 
tom  of  4x6-in.  nickel-chrome  steel  bars 
set  upon  end-grain  wooden  blocks. 
Material  dropped  from  the  buckets  and 
escaping  the  main  hopper  is  practically 
all  caught  by  the  save-all.  It  is  classified 
by  grizzly  bars  and  passed  into  a  system 
of  sluices  that  discharge  into  the  well 
hole,  at  the  after  end. 


used  for  hoisting  and  lowering.  The 
stacker  belt  is  operated  by  a  ball-bearing 
motor  and  V-belt  drive  at  its  discharge 
end  and  is  equipped  with  a  brake  to 
prevent  reversal  under  load. 

The  undersize  screen  discharge  is 
divided  between  two  double  banks  of 
table  sluices,  an  upper  and  lower  bank 
arranged  in  two  sets  on  either  side  and 
below  the  revolving  screen.  All  sluices 
are  of  the  standard  width,  2  ft.  8  in.,  and 
are  equipped  with  the  standard  riffle  and 
mercury  trap  riffles  at  suitable  points. 
Total  sluice  area  is  9,000  sq.ft.  The 
upper  bank  of  sluices  discharges  over 
the  stern.  The  lower  banks  are  arranged 
to  discharge  into  the  pond  through  ver¬ 
tical  sumps  extending  through  the  hull 
or,  by  means  of  deflectors,  into  the  boots 
of  two  bucket  elevators  symmetrically 
placed  on  either  side  of  the  dredge, 
where  the  sand  is  picked  up  by  the  ele¬ 
vators,  dewatered,  and  discharged  on 
to  the  stacker  belt.  Sand  accumulation 
in  the  pond  is  thus  under  control. 

Regulation  of  the  movements  of  the 


Gantry,  ladder  and  ladder-snspension  blocks  of 
Vubu  Xo.  IT,  while  under  construction 
at  Hammonton 


The  stacker  during  construction.  It  was  bulit  upon 
tiie  ground;  the  boat  was  then  turned  and  the 
stacker  was  attached 
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paper-board  filler.  The  upper  decks  are 
of  tongued-and-grooved  wood  over  gal- 
vanized-steel  troughs  placed  between 
deck  channels.  Safety  requirements  were 
observed  in  design  and  construction. 

Total  length  of  the  dredge  is  510  ft. 
between  the  stacker  end  and  the  digging 
ladder  end.  As  it  stands  it  is  the  prod¬ 
uct  of  the  Yuba  Manufacturing  Com¬ 
pany’s  organization:  G.  V.  Wood,  vice- 
president  ;  C.  M.  Romanowitz,  chief 
sales  engineer;  W.  B.  Macaulay,  de¬ 
sign  engineer;  F.  M.  Blanchard,  chief 
draftsman;  John  B.  Bubb,  plant  and 
field  superintendent,  and  J.  E.  Saunders 
in  charge  of  erection  labor.  W.  H. 
Selleneit,  engineer  for  the  Yuba  Con¬ 
solidated  Gold  Fields,  installed  the  elec¬ 
trical  equipment. 


which  extends  to  the  monitor  pump 
motors  and  the  other  to  three  400-kva. 
transformers,  which  step  down  from 
4,400  to  440  volts.  The  transformers 
are  in  a  steel-walled  room  open  on  one 
side.  From  this  room  the  current  is 
delivered  to  the  various  motors.  Much 
of  the  wiring  is  placed  below  the  main 
steel  deck.  A  contactor  panel  is  pro¬ 
vided  in  the  main  control  room  for 
the  650-hp.  main  motor.  Two  100-kva. 
capacitors  on  the  main  feeder  to  the 
bucket  line  and  one  100-kva.  unit  on  the 
main  feeder  to  the  stern  control  room 
have  been  installed  to  improve  power 
factor  conditions  which  also  help  voltage 
regulation.  Two  synchronous  pump 
motors  develop  270  kva.  loading,  giving 
a  total  power  factor,  together  with  the 
capacitors,  of  from  94  to  96  per  cent  for 
the  whole  boat.  No  fuses  are  used  on 
the  job,  and  in  their  place  are  oil  circuit 
breakers  and  air  circuit  breakers  of  ap¬ 
proved  type.  Conventional  types  of  con¬ 
trollers  are  used  upon  the  swing  winch, 
screen,  and  stacker  motors,  and  the  re¬ 
maining  motors  are  on  pushbutton  con¬ 
trol.  The  automatic  cutouts  or  circuit 
breakers  eliminate  accident  and  trouble. 
A  bell-and-horn  system  from  the  winch 
room  to  the  main  deck  is  used  upon  the 
dredge  for  signaling.  The  electrical 
equipment  is  principally  Westinghouse 
and  General  Electric.  The  motors  and 
their  respective  applications  are  shown 
in  the  accompanying  table. 

Two  1,000- watt  floodlights  are  placed 
upon  the  bow  gantry  and  two  500-watt 
floodlights  upon  the  bow  housing. 
Smaller  floodlights  are  employed  at 
other  places. 

The  housing  of  the  dredge  is  like  that 
used  upon  the  old  dredge.  Sides  consist 
of  two  steel  sheets,  between  which  is  a 


Motors  and  Their  Applications 

Main  motor — 650  hp. ;  cooled  by  forced  ven¬ 
tilation  ;  ladder  hoist  and  bucket-line 
operation. 

Swing  winch  motor — 75  hp. ;  silent  chain 
drive 

Screen  motor — 100  hp. ;  V-belt  drive 

Stacker  motor — 100  hp. ;  V-belt  drive 

Sand  bucket  elevators — 5  hp.  each;  geared 
motors 

High-pressure  pump — 150  hp. ;  0.8  syn¬ 
chronous 

Low-pressure  pump — 100  hp. ;  0.8  ayn- 

chronous 

Dual  pump — 75  hp. 

Clean-up  pump — 15  hp. 

Main  drive  crane — 7i  hp. 

Two  bow  cranes — each  3  hp. 

Tool  motor — 2  hp. 

Two  6-in.  vertical  hull  pumps — each  10-hp. 
vertical  motor 

Stacker  hoist — 25  hp. ;  silent-chain  drive 

Stern  jitney  winch — 3  hp. 

Monitor  pump — 300  hp. ;  4,000  volts 

Total  installed  horsepower  of  motor  1,500 


Looking  np  the  bucket  ladder 
(luring  construction.  The  narrow 
width  of  the  digging  element  is 
manifest 


dredge  during  operation  follows  stand¬ 
ard  design  and  practice.  The  two  steel 
spuds  are  38  in.  by  60  in.  in  section  and 
70  ft.  long.  They  weigh  40  tons  each 
and  are  handled  by  a  spud  gantry  at  the 
stern  and  spud  lines  to  the  winch.  The 
winch  for  swinging  or  moving  is  ar¬ 
ranged  in  the  usual  compact  unit  below 
the  main  control  room  of  the  dredge. 
The  unit  consists  of  three  double  drums 
in  tandem  and  two  single  drums  also  in 
tandem.  Two  bow  lines,  each  1^  in.  in 
diameter  and  2,000  ft.  long,  are  carried 
upon  the  forward  single  drums ;  the 
stern  lines,  1^  in.  in  diameter  by  1,200 
ft.  in  length,  are  on  one  double  drum; 
the  two  spare  lines,  each  in.  in  diam¬ 
eter  and  650  ft.  long,  are  carried  on  an¬ 
other  double  drum,  and  the  two  spud 
lines,  each  in.  in  diameter  by  650  ft., 
are  on  the  third  double  drum.  Each 
drum  has  a  brake  and  clutch.  Control 
levers  are  all  concentrated  in  the  dredge 
control  room.  The  swing  winch  is  so 
arranged  that  when  the  swing  lines  are 
to  be  moved  all  other  drums  are  dead. 

Pump  equipment  is  as  follows;  two 
14-in.  centrifugals  of  the  Yuba  type,  one 
for  high-pressure  and  the  other  for  low- 
pressure  service ;  one  6-in.  dual  service 
centrifugal  for  the  hopper,  save-all,  and 
for  general  use;  one  4-in.  Yuba  cen¬ 
trifugal  for  clean-up  purposes  and  one 
10-in.  monitor  pump,  also  of  the  cen¬ 
trifugal  type,  for  use  in  tearing  down 
the  high  bank  necessarily  carried  in 
deep  dredging.  All  pumps  are  direct- 
connected  to  motors.  The  14-in.  spray 
pipe  is  connected  at  either  end  of  the 
revolving  screen  to  the  supply  pipes. 
Suction  inlets  are  all  outboard  and  pro¬ 
tected  against  floating  trash. 

Electrical  power  is  delivered  to  the 
dredge  at  4,400  volts  by  a  No.  4-0  cable. 
This  can  be  attached  to  either  one  of  the 
two  junction  boxes  at  the  stern.  These 
ho.xes  deliver  into  two  feeders,  one  of 


Officials  of  the  mining  company  are: 
F.  C.  van  Deinse,  vice-president  in 
charge  of  operation ;  R.  M.  Derby, 
superintendent  of  operations ;  G.  C. 
Aaronson,  superintendent  at  Hammon- 
ton :  and  G.  Williams,  dredge  master. 


New  Lining  for  Chutes 


verely  worn,  this  section  is  replaced  by 
Section  B,  the  worn  Section  A  being 
inserted  in  the  position  formerly  oc¬ 
cupied  by  B.  When  B  becomes  worn. 


At  the  Canisteo-Cliffs  washing 
plant,  in  Itasca  County,  Minn.,  a 
32-in.  diameter  half  pipe  or  chute  about 
40  ft.  long  carries  all  crude  ore  smaller 
than  4i  in.  size,  the  tonnage  being 
about  500  tons  per  hour.  The  chute  is 
made  of  five  :J-in.  plate  sections  8  ft. 
long,  with  butt  strap  ends  bolted  on  one 
side  to  roll  plate.  Last  summer  this 
chute  was  lined  with  i-in.  plate,  which 
wore  out  and  had  to  be  replaced  every 
seven  days.  During  last  winter’s  re¬ 
pairs,  the  chute,  as  shown  in  the  ac¬ 
companying  sketch,  was  lined  with 
chilled  cast-iron  liners  l:J-in.  thick. 
This  season,  after  the  plant  had  been 
operating  seven  weeks,  the  chute  was 
just  nicely  polished  and  gave  every 
indication  of  being  serviceable  through¬ 
out  the  entire  season. 

The  liners,  as  shown  in  the  sketch, 
are  in  three  equal  sections,  with  notches 
on  the  side  for  |-in.  recessed  bolts  to 
attach  the  liners  to  the  plate.  Section 
A  receives  heavy  wear,  but,  when  se- 


it  and  Section  C  replace  each  other  in 
a  similar  manner. 

By  avoiding  this  item  of  repair,  the 
overtime  crew  at  Canisteo-Cliffs  was 
reduced  from  fourteen  to  nine  men,  ef¬ 
fecting  a  saving  of  $80  per  month 
without  including  the  cost  of  new  i-in. 
plate  each  week. 
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The  Thermocouple 

Proves  Useful 
on  a 

Geophysical 

Survey 


By  measuring  the  horizontal  gradient 
of  the  temperature  at  the  surface  of  the 
earth  a  buried  fault  zone  is  revealed 


van  den  Bouwhuijsen 

Consulting  Geophysicist 
Plainfield.  N.  J. 


Flgr.  1 — Sketch  show¬ 
ing  hot  and  cold  Junctions 
ot  thermocouple,  the  galva¬ 
nometer,  and  accessory  apparatus 


The  temperature  of  a  point 
at  the  surface  of  the  earth  de¬ 
pends  on  the  flow  of  heat  toward 
the  point  from  two  main  sources — 
namely,  the  sun  and  the  high-tempera¬ 
ture  nucleus  of  the  earth — and  on  the 
loss  of  heat  by  radiation  toward  the  at¬ 
mosphere.  Solar  radiation,  falling  on  a 
point  of  the  earth's  surface,  causes  a 
daily  variation  in  temperature  in  such 
a  way  that  the  temperature  is  lowest 
immediately  before  sunrise.  Then  it 
starts  to  rise  and  reaches  its  maximum 
some  time  after  noon,  and  afterward 
falls  again  to  a  minimum  at  sunrise  of 
the  following  day.  The  corresponding 
values  of  the  temperature  for  a  fixed 
time  of  the  day  in  different  parts  of 
the  year  show  an  increase  during  the 
summer  and  a  decrease  during  the  win¬ 
ter.  This  change,  due  to  the  differ¬ 
ence  in  total  amount  of  radiation  re¬ 
ceived  during  a  24-hour  period,  is 
called  the  annual  variation. 

In  solid-rock  formations,  the  daily 
variation  becomes  imperceptible  at  a 
depth  of  1  m. ;  in  sand,  at  0.7  m. ;  and 
in  swamps  we  can  neglect  the  varia¬ 
tion  at  0.4  m.  The  annual  variation 
is  measurable  up  to  a  depth  of  about 
25  m.  Below  this  the  temperature  of  a 
point  depends  only  on  the  flow  of  heat 
from  the  center  of  the  earth  and  the 


losses  toward  the  atmosphere,  if  we 
ignore  the  local  changes  caused  by  ra¬ 
dioactivity  and  by  chemical  processes 
in  which  heat  is  originated. 

The  flow  of  heat  from  the  earth’s 
center  toward  a  fixed  point  close  to  its 
surface  depends  on  the  heat  conductiv¬ 
ity  of  the  rock  formations  between  the 
center  and  the  point  and  on  the  thick¬ 
ness  of  the  different  layers.  One  may 
therefore  expect  that  a  shift  in  the  loca¬ 
tion  and  a  variation  in  the  thickness  of 
the  layers,  as  may  be  noted  in  various 
geological  structures,  would  result  in 
differences  in  temperature,  when  meas¬ 
ured  across  the  structure  at  the  same 
depth.  The  horizontal  gradient  of  the 
temperature  in  a  layer  close  to  the 
surface  therefore  should  supply  some 
evidence  as  to  the  structure  of  the 
underlying  formations.  The  differences 
in  temperature  must  of  course  be  of  a 
magnitude  higher  than  the  differences 
caused  by  the  inevitable  errors  in  meas¬ 
urement.  We  shall  see  that  we  had 
ample  leeway  in  this  respect,  so  far  as 
the  results  obtained  from  the  first  series 
of  experiments  are  concerned. 

My  initial  remarks  as  to  the  influence 
of  the  daily  variation  indicate  that  it  is 
sufficient  under  all  conditions  of  surface 
formations  to  measure  the  temperature 
at  a  depth  of  1.5  m.,  the  standard  depth 


in  all  our  measurements.  This  holds 
good  only  if  all  the  stations  of  a  cer¬ 
tain  profile  are  measured  on  the  same 
day.  Holes  drilled  for  the  measure¬ 
ments  that  we  made  were  drilled  by 
one  man  with  a  little  hand  drill  and 
were  about  \h  in.  in  diameter.  The 
frictional  heat  developed  by  the  drilling 
causes  the  temperature  in  the  hole  to 
rise  momentarily,  so  we  took  care  that 
the  measurements  were  not  made  too 
soon  after  a  hole  was  completed.  I 
used  to  leave  the  hole  alone  for  two 
hours  to  allow  the  heat  equilibrium  to 
be  restored,  covering  it  to  prevent  the 
air  from  influencing  the  temperature 
at  the  bottom. 

When  the  survey  has  to  be  extended 
over  a  considerable  length  of  time,  the 
readings  taken  at  a  later  date  would  be 
affected  by  the  annual  variation,  but  it 
is  sufficient  to  repeat  the  readings  at 
two  or  three  stations  on  a  standard  line 
to  correlate  the  results. 

To  drill  holes  to  a  depth  below  the 
level  of  the  annual  variation — namely, 
25  m. — would  involve  heavy  and  un¬ 
necessary  cost  for  machinery  and 
wages,  and  would  increase  considerably 
the  time  needed  for  every  survey. 
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Furthermore,  we  would  have  to  make 
the  holes  much  larger  in  diameter, 
which  would  certainly  cause  great  and 
unpredictable  changes  in  local  condi¬ 
tions,  increase  the  effect  of  the  tem¬ 
perature  of  the  air  on  the  reading  at 
the  bottom  of  the  hole,  and  affect  in 
other  ways  the  efficiency  and  the 
reliability  of  the  method. 

Measurement  of  temperature  at  the 
bottom  of  a  hole  with  an  ordinary 
thermometer  is  subject  to  grave  errors. 
We  have  no  check  on  the  quality  of  the 
contact  of  the  thermometer  with  the 
ground  or  on  the  amount  of  change  in 
the  reading  of  the  instrument  while 
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Work  done  by  the  author  near 
Winterswijk,  Holland,  gives  re¬ 
sults  that  closely  check  the  data 
of  record  previously  obtained  by 
two  other  physicists  with  a  tor¬ 
sion  balance.  Compared  with  the 
latter,  on  the  test  described,  the 
apparatus  used  was  found  to  be 
simple  and  rapid 


we  are  pulling  it  to  the  surface.  Of 
course,  we  could  make  special  maxi¬ 
mum  and  minimum  thermometers,  but  I 
doubt  if  in  this  way  we  could  obtain 
results  as  accurate  as  our  readings,  and 
most  probably  the  instruments  would 
be  much  larger  than  ordinary  thermom¬ 
eters,  thereby  making  it  necessary  to 
drill  wider  holes.  Moreover,  a  reading 
of  a  thermometer  would  never  disclose 
if  the  temperature  at  the  bottom  of  the 
hole  was  constant  or  the  nature  of  the 
changes,  without  a  great  number  of 
readings. 

For  these  reasons,  our  experiments 
were  made  with  thermocouples  of 
special  construction,  connected  to  a 
galvanometer  of  high  sensitivity  and 
sufficiently  sturdy  to  stand  transporta¬ 
tion  in  the  field.  The  instrument  used 
was  a  portable  Moll  Galvanometer  with 
a  time  of  indication  of  about  2  sec.  and 
a  volt-sensitivity  of  2.7x10 — The 
thermocouple  supplied  an  emf.  of 
4x10 — ^  volts  for  a  difference  in  tem¬ 
perature  of  1  deg.  C.  between  the  two 
junctions  and  had  about  the  same  speed 
as  the  galvanometer.  In  these  instru¬ 
ments,  the  high  sensitivity,  combined 
with  the  great  stability  of  the  zero  of 
the  galvanometer,  allowed  us  to  be  sure 
of  our  measurements  within  0.01  deg. 
C.  Fig.  1  reproduces  a  sketch  of  the 
assembled  apparatus. 


The  thermocouple  was  built  in  such  a 
way  that  the  cold  junction  could  be 
kept  at  a  constant  temperature,  checked 
by  a  calibrated  thermometer,  reading 
in  hundredths  of  degrees,  while  the 
hot  junction  could  be  lowered  into  the 
hole  and  brought  in  good  contact  with 
the  soil.  The  way  the  galvanometer 
behaved  was  a  good  indication  of  the 
quality  of  the  contact  and  of  the  fact 
that  the  equilibrium  of  temperature  was 
reached  at  the  time  of  the  reading.  To 
ensure  correct  values,  the  readings 
were  repeated  three  times  at  every 
station,  the  differences  between  the 
separate  readings  and  the  mean  value 
being  seldom  more  than  0.1  deg.  C.  In 
most  of  the  holes  the  groundwater 
level  was  reached  at  a  depth  of  1  m. 
or  less,  and  the  quality  of  the  contact 
was  evidently  better  in  a  wet  hole 
than  in  a  dry  one.  Later  modifica¬ 
tions  of  the  thermocouple  were  such 
that  we  were  less  dependent  on  the 
presence  of  the  groundwater. 

To  determine  the  value  of  the  new 
method  under  practical  conditions,  the 
first  experiments  were  made  over  two 
profiles  which  had  previously  been  well 
determined  by  torsion-balance  work  of 
Mekel  (see  Figs.  3  and  5).  The  re¬ 
sults  obtained  with  our  thermo-electric 
method  checked  most  remarkably  those 
got  with  the  gravity  method,  as  will  be 


Fit;.  3 — A  and  B.  curves 
obtained  by  thermo-elec¬ 
tric  method,  for  stations 
plotted  on  plan  in  Figr.  4. 
C,  curve  obtained  with 
torsion  baiance  over  the 
same  proflie  as  A,  the  sta¬ 
tions  of  which  are  piotted 
in  plan  in  Figr.  5. 
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Fig.  2 — Ueologicai  section 
through  a  fault  zone  near 
Winterswijk,  Hoiiand,  ac- 
rording  to  Moiengraaff 
Waterschoot  van  der 
Gracht 
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cient  of  heat-conductivity.  The  meas¬ 
urements  indicated  an  average  value  of 
0.006  for  the  Bundsandstein  and  of  0.002 
for  most  of  the  formations  close  to  the 
surface.  When  we  compare  these  val¬ 
ues  with  those  obtained  for  metals — as, 
for  example:  gold,  0.7;  silver,  1.01; 
copper  0.9 — it  seems  likely  that  the 
method  would  give  excellent  results  in 
prospecting  for  orebodies  and  metal  de¬ 
posits.  Small-scale  experiments  showed 
the  possibility  of  locating  the  position 
of  water  mains  and  gas  mains  at  a 
depth  of  several  meters. 

The  cost  of  surveying  with  this 
method  compares  favorably  with  the  ex¬ 
pense  involved  in  most  of  the  older 
methods.  The  crew  consists  of  only 
two  men,  one  to  drill  the  holes  and  one 
observer  to  take  the  readings.  Also, 
the  weight  of  the  outfit  is  small  and 
transportation  would  not  present  any 


temperature  are  found  at  the  Stations 
17  and  19  on  the  line  16  to  22  in  Fig. 
4  across  the  fault  zone  farther  toward 
the  west. 

Still  farther  toward  the  west,  in  the 
neighborhood  of  the  town  of  Lichten- 
voorde,  the  torsion  balance  indicated 
that  the  fault  was  bending  in  a  north¬ 
west  direction ,  and  the  results  ob¬ 
tained  at  the  Stations  32  and  34  (Fig. 
4)  seem  to  give  additional  proof  of 
this  fact.  Farther  toward  the  south, 
the  maxima  at  the  Stations  24  and  26, 
in  Fig.  4,  seemed  to  indicate  another 
complication  in  the  structure  of  the 
fault.  These  data  suggest  the  possibil¬ 
ity  that  the  fault  is  broken  up  in  a  fan¬ 
like  structure  with  Lichtenvoorde  as 
the  axial  point  (Fig.  4).  Lack  of  time 
prevented  a  closer  scrutiny  of  the  re¬ 
gion  south  of  the  line  Winterswijk- 
Lichtenvoorde.  Additional  data  from 


appreciated  by  comparing  the  curves  in 
Fig.  3.  The  object  of  the  survey  made 
with  the  thermo-electric  method  was 
to  determine  the  exact  location  of  a 
fault  zone  in  the  neighborhood  of  the 
town  of  Winter swijk,  in  Holland.  A 
geological  profile  or  section  through  the 
formations  according  to  Molengraaff 
and  Waterschoot  van  der  Gracht  is 
given  in  Fig.  2.  Over  this  profile  I 
projected  a  line  of  stations,  marked  “1” 
to  “15”  (Figs.  3  and  4),  the  Station 
5  corresponding  with  the  location  of 
test  drill  hole,  marked  “1920,  III,”  in 
Fig.  2,  and  the  Station  1 1  with  the 
point  “Corle”  (school). 

The  points  where  the  maxima  of 
temperature  occurred — namely,  at  Sta¬ 
tions  5,  6  and  7,  and  again  at  11  and 
12 — coincide  with  the  details  of  the 
downthrow  of  the  fault  as  ascertained 
by  the  geological  profile  and  by  the 
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FI*.  4 — Plan  of  area  near  Winterswijk,  showinK 
lines  of  stations  at  which  temperature  measure¬ 
ments  were  taken  with  the  thermocouple 


Fiff.  5 — Plan  of  same  urea  as  that  in  Fig.  4,  but 
showing  stations  of  torsion  balance  survey, 
made  previously  by  other  geophysicists 


torsion-balance  survey  at  the  corre¬ 
sponding  Stations  56  and  58  (Figs.  3 
and  5).  My  Station  9  shows  a  third 
maximum  of  temperature  at  a  point  be¬ 
tween  the  torsion-balance  Stations  56 
and  58  (Fig.  5)  where  an  observation 
with  the  latter  instrument  is  lacking. 
This  seems  to  indicate  that  the  struc¬ 
ture  of  the  fault  is  more  complicated 
than  Fig.  2  indicates. 

The  same  two  principal  maxima  of 


this  region  might  afford  more  inter¬ 
esting  details  and  clear  up  the  small 
discrepancies  between  the  results  of 
the  gravitational  and  the  thermo-elec¬ 
tric  survey. 

Several  test  drillings  were  made  in 
the  region  studied,  to  determine  whether 
the  coal  deposits  were  at  workable 
depths.  During  these  tests,  several 
rock  samples  were  taken,  and  I  had  an 
opportunity  to  determine  their  coeffi- 


difficulties,  even  under  adverse  field 
conditions.  Approximately  $200  would 
buy  all  of  the  instruments,  this  figure 
to  a  certain  extent  depending  on  the 
possibility  of  obtaining  in  this  country 
a  galvanometer  of  the  type  required. 
The  readings,  even  when  repeated  sev¬ 
eral  times  to  guard  against  errors,  re¬ 
quire  only  a  few  minutes,  and  the  time 
element  depends  more  on  the  speed  of 
the  driller  than  on  the  observer. 
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Robinson  Deep  Instals  World’s 
Largest  Air-Conditioning  Plant 


On  the  Witwatersrand 
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Detailed  study  of  working  conditions 
at  depths  exceeding  8,000  ft.  leads  to 
the  adoption  of  a  surface  plant  that 
will  provide  an  amount  of  condi¬ 
tioned  air  greater  in  weight  than  that 
of  the  ore  produced  by  the  mine  in 
the  same  period 


*  These  machines  consist  of  a  compact  assembly 
of  centrifugal  compressor  with  motor  connected 
through  reducing  gears,  condenser,  and  evaporator 
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The  world’s  largest  air-condition¬ 
ing  plant  is  under  installation  on 
the  Witwatersrand.  Robinson 
Deep,  Ltd.,  last  month  awarded  a  con¬ 
tract  covering  the  installation  of  such 
a  plant  at  the  Robinson  Deep  mine,  one 
of  the  two  deepest  mines  in  the  world, 
where  ore-extraction  operations  are  in 
progress  more  than  8,000  ft.  vertically 
below  the  surface. 

The  major  units  of  the  installation, 
as  shown  in  the  accompanying  illustra¬ 
tions,  consist  of  three  Carrier  cen¬ 
trifugal  refrigerating  machines,  each 
of  winch  has  a  rating  of  750  h.p. 
and  employs  a  non-combustible,  non- 


_lowest  level  more  than  6, 000'  below  shaft  collar 


DiaKrammutio  genpral  arrangempiit  of  the  Robinson  I>ee|i  air-conditloninK 

installation 


condensing-water  pumps,  each  handling 
2,500  gal.  per  minute;  and  two  high- 
efficiency  fans,  with  non-overloading 
characteristics,  each  having  a  capacity 
in  excess  of  200,000  cu.ft.  of  air  per 
minute. 

In  operation,  7,500  gal.  of  water  per 
minute  will  flow  through  piping  from 
the  collecting  tank  of  the  condensing 
water-spray  pond  to  the  three  condens- 
ing-w'ater  pumps.  These  pumps  will 
circulate  the  cooled  water  through  the 
three  condensers  of  the  three  refrigerat¬ 
ing  machines,  where  the  cooled  water 
aids  in  the  liquefaction  of  the  refriger¬ 
ant.  The  cooling  and  liquefaction  cycle 
may  be  readily  follow^ed  in  the  accom¬ 
panying  schematic  diagram  of  the  Car¬ 
rier  centrifugal  refrigerating  machine. 
The  liquid  Carrene  is  in  the  base  of 
the  evaporator  or  cooler,  through  the 
tubes  of  which  is  flowing  the  water  or 
brine  it  is  desired  to  cool.  A  minus 
pressure  in  the  cooler  is  maintained  by 
the  centrifugal  compressor.  As  the 
arrows  indicate,  the  centrifugal  liquid 
pump,  enclosed  within  the  base  of  the 
cooler,  lifts  the  liquid  refrigerant  to  the 
space  above  the  tubes,  from  which, 
through  a  distributor  plate,  it  falls  over 
the  tubes.  At  the  low  pressure  (that  is, 
high  vacuum  I  the  liquid  boils  or 
evaporates  rapidly,  quickly  absorbing 


toxic  refrigerant — trichlorofluorometh- 
ane  (CFCI3) — known  as  Carrene;  a 
Carrier  spray-type  dehumidifier,  49  ft. 
wide  by  24  ft.  long  by  19  ft.  high,  with 
a  capacity  of  400,000  cu.ft.  of  air  per 
minute  and  using  8,400  gal.  of  spray 
water  per  minute ;  a  condensing  water- 
spray  pond,  96  ft.  by  252  ft.,  equipped 
with  a  306-nozzle  spray  system ;  three 
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might  be  defined  as:  decrease  in  total 
heat  per  pound  of  dry  air  in  the  work¬ 
ings  {divided  by)  amount  of  heat 
abstracted  by  the  cooling  plant  per 
pound  of  dry  air. 

“A  surface  plant  might,  in  the  bottom 
workings  of  a  mine,  have  a  ‘positional 
efficiency’  of  50  per  cent,  whereas  a 
plant  working  at  the  bottom  of  the 
mine  would  have  a  positional  efficiency 
of  nearly  100  per  cent.  So  that,  to 
produce  the  same  cooling  effect  in  the 
workings,  the  surface  plant  would  have 
to  be  twice  the  size  of  the  underground 
plant.” 

Despite  the  advantages  of  the  under¬ 
ground  plant  over  the  surface  plant,  as 
indicated  in  the  foregoing  paragraphs, 
a  study  of  conditions  in  the  Robinson 
Deep  mine  led  to  the  conclusion  that 
the  “most  immediate,  widespread,  effec¬ 
tive,  and  economical  remedy  for  the 
existing  atmospheric  conditions  in  the 
mine  could  be  effected  by  a  surface  air- 
conditioning  plant  capable  of  reducing 
the  temperature  and  humidity  of  the 
entire  volume  of  air  entering  the  main 
vertical  shaft.” 

The  centrifugal  refrigerating  ma¬ 
chines  used  for  this  surface  plant  in¬ 
stallation  would  be  equally  suitable, 
however,  for  an  underground  installa¬ 
tion,  because  of  their  compactness  and 
the  safety  features  of  the  centrifugal 
machine  using  Carrene  as  a  refrigerant. 

Some  data  of  general  interest  follow, 
which  pertain  to  the  installation,  the 
contract  for  which  has  been  awarded  by 
Robinson  Deep,  Ltd.,  to  Carrier-Bruns- 
wick  International,  Newark,  N.  J., 
foreign  division  of  the  Carrier  Cor¬ 
poration.  Awarding  of  this  contract 
followed  a  year  of  field  survey  and  re¬ 
search  by  D.  C.  Lindsay,  Carrier  en¬ 
gineer,  working  in  co-operation  with 
Sydney  Thompson  &  Company,  Johan¬ 
nesburg,  and  with  G.  Carleton- Jones, 
consulting  engineer  for  Robinson  Deep, 
Ltd. 

The  amount  of  conditioned  air  to  be 
provided  per  minute  by  the  plant,  ex¬ 
pressed  in  terms  of  its  weight,  is  about 
23,600  lb.,  which  weight  is  greater  than 
the  weight  of  the  average  amount  ore 
that  is  removed  from  the  mine  in  the 
same  period. 

Refrigerating  capacity  of  the  installa¬ 
tion  exceeds  that  of  2,000  tons  of  ice 
and  is  substantially  greater  than  that 
of  the  installation  in  the  R.C.A.  build¬ 
ing,  in  Rockefeller  City,  New  York, 
N.  Y.,  which  has  been  considered  the 
largest  air-conditioning  plant. 

A  total  of  more  than  3,000  hp.  in 
pumps,  motors,  and  electrical  control 
apparatus  will  be  used  in  the  Robinson 
Deep  installation. 

The  air-conditioning  system  for  the 
Robinson  Deep  mine  was  designed 
under  the  supervision  of  Willis  H.  Car¬ 
rier,  internationally  known  thermal  en¬ 
gineer,  who  has  been  responsible  for 
many  large  installations  in  the  United 
States,  as  well  as  that  at  the  Morro 
Velho  mine  of  St.  John  del  Rey  Min¬ 
ing  Company,  in  Brazil,  .South  America. 


The  two  200,000-cu.ft.  fans  will  dis¬ 
charge  the  air  from  the  dehumidifier 
into  the  main  vertical  shaft  through  an 
underground  tunnel  that  enters  the 
shaft  at  a  point  100  ft.  below  the  shaft 
collar,  as  shown  in  the  accompanying 
diagrammatic  general  arrangement  of 
the  entire  installation.  Thence  the  air  is 
drawn  downward  into  the  mine  by  a 
fan  situated  on  the  33  level,  at  a  point 
between  a  main  incline  shaft  and  a  sub¬ 
incline  shaft,  which  point  is  6,204  ft. 
below  the  collar  of  the  main  vertical 
shaft  and  570  ft.  below  sea  level.  From 
the  33  level  the  air  is  delivered  by  the 
fan  down  the  sub-incline  shaft,  the  air 
being  split  off  in  its  movement  down 
the  shaft  into  areas  where  work  is  in 
progress.  After  passing  through  these 
operating  sections  of  the  mine,  the  air 
rises  through  worked-out  areas  and 
eventually  finds  its  way  to  the  surface 
through  other  openings  serving  as 
upcasts. 

Physical  Phenomena  Involved 

As  R.  W.  Waterfill'  has  pointed  out 
by  quoting  J.  S.  Jones': 

“When  cooled  air  is  passed  down  into 
a  hot  mine,  the  air  heats  up  rapidly, 
both  by  adiabatic  compression  and  by 
heat-flow  from  the  rocks,  this  latter 
being  enormously  increased  by  the 
larger  difference  of  temperature  be¬ 
tween  the  air  and  the  rocks.  As  the 
air  warms  up,  its  affinity  for  water  in¬ 
creases,  and  the  air  soon  becomes 
damper.  The  result  is  that  only  a  frac¬ 
tion  of  the  cooling  effect  produced  on 
surface  survives  at  the  bottom  of  the 
mine. 

“On  the  other  hand,  if-  the  cooling  is 
carried  out  near  the  place  at  which  the 
air  is  to  be  used,  a  much  larger  per¬ 
centage  of  it  will  be  usefully  available. 

“A  ‘po^bional  cooling-plant  efficiency’ 


its  latent  heat  of  evaporation  from  the 
brine  or  water  flowing  through  the 
tubes,  thus  performing  the  objective 
cooling  thereof. 

Then  the  resulting  vapor  passes 
through  the  stationary  eliminator  plates, 
which  remove  any  entrained  liquid,  and 
enters  the  centrifugal  compressor, 
wherein  the  pressure  is  increased  (or, 
so  to  put  it,  the  minus  pressure  is  re¬ 
duced).  At  its  relatively  higher  pres¬ 
sure,  the  vapor  enters  the  condenser 
and  circulates  about  the  tubes  through 
which  the  condenser  cooling  water 
flows,  as  indicated.  In  the  condenser 
the  compressed  vapor,  which  will  now 
readily  condense  at  temperatures  above 
90  deg.,  gives  up  to  the  cooling  water  its 
latent  heat  of  liquefaction.  Thus  the 
vapor  becomes  a  liquid  again,  falls  into 
the  space  beneath  the  condenser  tubes, 
and  from  there  it  passes  through  an 
ordinary  float  trap  back  into  the  cooler, 
thus  completing  the  cycle. 

Water  from  the  condenser  of  the 
centrifugal  refrigerating  machine  is 
pumped  through  a  piping  system  to  the 
sprays  of  the  condensing-water  spray 
pond,  where  it  is  cooled  by  evaporation 
to  about  7  deg.  F.  above  the  prevailing 
outdoor  wet-bulb  temperature.  From 
the  sprays  the  cooled  water  falls  into  a 
tank  or  basin,  where  it  is  collected  for 
re-use  in  the  refrigerating  machine. 

Method  of  Operation 

Water  from  the  tank  of  the  de¬ 
humidifier,  shown  below  the  spray 
chamber  in  the  accompanying  “cut¬ 
away”  illustration  of  the  unit,  is  pumped 
to  the  cooler  of  the  centrifugal  re¬ 
frigerating  machine,  where  it  is  cooled 
by  the  evaporation  of  the  liquid  re¬ 
frigerant,  as  already  described.  The 
cooled  water  then  passes  to  the  sprays 
of  the  dehumidifier.  Air  is  constantly 
drawn  through  the  dehumidifier  by  the 
two  200,000  cubic-foot-per-minute  fans, 
the  air  in  passing  through  the  series 
of  finely  atomized  sprays  being  cleansed, 
cooled,  and  dehumidified. 


Schematic  (liagram  of  the  Carrier  centrifugal  refrigeration  machine 
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What  Do  the  Figures  Show ...  As  to 

Consumption 

of  the  Non-metallic  Minerals? 


During  the  present  century  the 
production  of  non-metallic  min¬ 
erals  as  a  class  has  grown  much 
more  rapidly  than  that  of  metals.  In 
1900,  for  example,  the  reported  value 
of  non-metals  produced  in  American 
mines  and  quarries  was  roughly  36 
per  cent  of  the  reported  value  of  the 
domestic  production  of  metals.  By 
1910  the  proportion  had  grown  to  54 
per  cent,  from  about  1920  until  1929 
the  total  values  reported  for  the  two 
groups  were  roughly  equal,  and  since 
1929  the  aggregate  value  of  non-metals 
has  been  higher,  and  in  1932  very 
much  higher,  than  that  of  the  metals. 
If  the  value  of  the  metals  were  re¬ 
ported  as  the  value  of  ore  as  it  leaves 
the  mine  shipping  point,  which  is  the 
basis  for  the  valuation  of  the  output 
of  non-metals,  the  comparison  would 
be  even  more  favorable  to  the  non- 
metals.  That  a  fraction  of  this  rapid 
apparent  growth  may  be  attributed  to  a 
more  nearly  complete  statistical  cover¬ 
age  must  be  admitted,  but  this  factor, 
though  modifying  the  figures  in  some 
instances,  does  not  qualitatively  alter 
the  conclusion  that  the  production  of 
non-metals  is  a  young  and  exceedingly 
vigorous  branch  of  the  mining  indus¬ 
try.  After  lagging  more  or  less  be¬ 
hind  the  growth  in  population  for 
several  decades,  the  aggregate  value  of 
the  domestic  production  of  non-metals 
began  just  before  the  outbreak  of  the 
World  War  to  show  indications  of 
growing  more  rapidly.  Following  the 
signing  of  the  Armistice  in  1918,  it 
expanded  even  faster  until  halted  by 
the  sharp  recession  in  building  con¬ 
struction  late  in  1928,  which  con¬ 
stituted  the  initial  indications  of  the 
subsequent  collapse  in  general  industrial 
activity  and  the  prolonged  stagnation 
in  business  of  all  kinds. 

The  present  paper  is  primarily  a 
consumption  study  summarizing  avail¬ 
able  data  on  the  volume  of  production, 
imports,  and  exports  of  the  non-metals. 

Published  by  permission  of  the  Director, 
tr.  S.  Bureau  of  Mines.  (Not  subject  to 
copyright. ) 
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Fur  historical  treatment  of  individual 
industries,  the  reader  is  referred  to 
Information  Circular  6687,  “Growth 
and  Development  of  the  Non-metallic 
Mineral  Industries,”  by  Oliver  Bowles 
and  C.  W.  Justice,  of  the  Bureau  of 
Mines,  issued  in  February,  1933.  The 
circular  named,  which  is  the  first  of  a 
series,  embodies  available  data  for  the 
value  of  domestic  output  of  all  non- 
metallic  minerals  since  1880.  Volume 
data  are  naturally  more  informative 
as  a  basis  for  predicting  trade  trends, 
inasmuch  as  they  are  not  distorted  by 
price  changes  and  also  because  they  can 
be  correlated  with  imports,  the  values 
of  which  are  based  on  foreign  market 
conditions  and  consequently  are  not 
comparable  with  domestic  returns.  Un¬ 
fortunately,  data  in  terms  of  volume 
are  available  on  a  much  more  limited 
group  of  commodities  and  for  a  much 
shorter  period  of  years. 

General  Economic  Background 

That  conditions  in  one  industry  are 
profoundly  affected  by  movements  in 
other  industries  no  longer  need  be 
argued.  The  causes  for  the  cyclic 
changes  in  business  activity  in  general 
may  not  be  fully  understood,  but  the 
existence  of  such  cycles  is  only  too 
apparent.  Certain  groups  of  com¬ 
modities  move  more  closely  together 


than  others,  and  in  the  competitive 
struggle  one  commodity  may  displace 
another,  but  normally  they  all  rise  and 
fall  with  the  tide  of  general  business. 

Although  tabulations  for  the  con¬ 
sumption  of  individual  commodities  are 
self-contained,  a  perspective  of  the  in¬ 
dustries  can  be  gained  only  by  making 
comparisons  with  various  outside  in¬ 
dicators  of  trade  and  population.  For 
the  purpose  of  such  comparisons,  to 
employ  three-year  averages  is  con¬ 
venient,  one  group,  1912-14,  repre¬ 
senting  conditions  as  they  were  before 
the  convulsions  caused  by  the  World 
War,  and  the  second  group,  1927-29, 
indicating  conditions  that  preceded  the 
stock-market  debacle  of  1929.  Pre- 
War  data  unfortunately  are  rather 
meager,  and  the  number  of  indicators 
is  consequently  limited.  In  the  in¬ 
stance  of  building  construction,  espe¬ 
cially,  the  data  for  earlier  years  are 
generally  considered  untrustworthy,  al¬ 
though  they  are  the  best  that  can  be 
calculated  from  the  information  avail¬ 
able. 

To  forecast  trends  of  future  demand 
or  supply  is  beyond  the  scope  of  the 
present  paper.  Intelligent  planning 
ordinarily  demands  careful  study  of 
past  records,  but  it  also  involves 
critical  examination  of  other  factors 
which  may  be  peculiar  to  an  individual 
industry  and  which  cannot  be  evaluated 
or  even  enumerated  in  a  general  study. 

Table  II  shows  the  volume  of  aver¬ 
age  annual  consumption  of  specified 
non-metals  for  1927-29,  with  compari¬ 
sons  based  on  1912-14.  The  indicated 
consumption  figures  are  mostly  calcu¬ 
lated  by  the  simple  process  of  adding 
imports  to  domestic  shipments  (or 
production)  and  deducting  exports,  but 
by  employing  three-year  averages, 
errors  arising  from  lack  of  data  for 
inventory  adjustments  (especially ,  for 
stocks  in  consumers’  hands)  are  re¬ 
duced,  as  is  also  the  distortion  re¬ 
flected  by  figures  for  a  single  year  such 
as  1929,  when  demand  for  some  com¬ 
modities  reached  a  peak,  though  for 
others  it  had  already  started  to  subside. 
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The  last  two  columns  of  this  table 
can  be  dismissed  briefly  by  the  state¬ 
ment  that  they  show  the  extent  to  which 
bulky  or  low-priced  materials  are  sup¬ 
plied  from  domestic  sources,  imports 
and  exports  being  confined  principally 
to  medium-  or  high-priced  commodities. 
However,  by  comparing  the  percentage 
figures  in  these  two  columns,  the  ef¬ 
fects  of  tariff  changes,  modified  buying 
habits,  improved  technology,  substitu¬ 
tion,  and  other  factors  that  influence 
foreign  trade  may  likewise  be  revealed. 
Further,  of  the  commodities  listed,  only 
two — phosphate  rock  and  sulphur — 
show  an  export  surplus  of  any  mag¬ 
nitude,  whereas  imports  represent  a 
significant  percentage  of  domestic  con¬ 
sumption  in  the  instance  of  more  than 
a  dozen  items  and  a  dominant  factor  in 
such  items  as  graphite  and  emery.  Ex¬ 
treme  dependence  on  foreign  sources  is 
statistically  indicated  with  respect  to 
pyrites  and  potash,  but  the  former  com¬ 
petes  with  sulphur,  of  which  an  export 
surplus  exists,  and  the  latter  is  now 
supplied  to  a  rapidly  increasing  extent 
from  domestic  sources.  Artificial  abra¬ 
sives  of  American  make  tend  to  reduce 
our  purchases  of  imported  emery,  and 
more  careful  scrutiny  of  these  last  two 
columns  will  reveal  an  almost  universal 
tendency  toward  national  self-suffi¬ 
ciency,  with  a  consequent  decline  in  the 
relative  importance  of  imports  and 
exports. 

Comparing  the  volume  changes  shown 
in  Table  II  with  the  24  per  cent  in¬ 
crease  in  population,  consumption  of 
the  non-metals  in  general  is  seen  to 
have  forged  ahead  with  remarkable 
rapidity.  The  poor  showing  of  com¬ 
mon  brick,  the  use  of  which  declined,  is 
more  than  offset  by  the  doubled  output 
of  cement  and  an  even  larger  increase 
in  the  consumption  of  “aggregates.” 
Consumption  of  emery  and  corundum 
dropped  sharply,  but  this  was  the  result 
of  substitution  of  artificial  abrasives, 
the  demand  for  which  has  grown  sev¬ 
eral  fold.  The  increased  quantity  of 
pumice  reflects  its  wider  employment 
for  uses  other  than  as  an  abrasive. 

The  extraordinary  increase  in  the  use 
of  feldspar  compared  with  that  of  other 
ceramic  materials  is  the  result  of  not 
only  its  more  extensive  application  in 
pottery,  electrical  porcelain,  tile,  sani¬ 
tary  ware,  and  enamels,  but  also  of  its 
increasing  employment  in  glass.  The 
growth  of  the  petroleum  industry  is  re¬ 
flected  in  a  rapid  enlargement  in  the 
output  of  fuller’s  earth,  and  the  net 
increase  in  sulphur  consumption  (only 
about  130  per  cent  after  correcting  for 
the  drop  in  pyrite  and  slight  increase 
in  byproduct  acid  recovery)  is  a  rough 
index  of  the  substantial  growth  in  our 
heavy  chemical  industries,  which  have 
not  expanded  quite  so  fast  as  the  or¬ 
ganic  and  synthetic  chemical  industries. 

The  column  showing  value  changes 
likewise  reveals  conditions  that  call  for 
individual  interpretation,  particularly  in 
the  light  of  changes  in  the  general  price 
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level  and  variations  in  the  nature  of 
the  supplies  that  go  to  make  up  the 
individual  totals  or  in  the  geographical 
source  whence  they  may  be  drawn.  To 
consider  separately  the  various  kinds 
of,  let  us  say,  slate  products  is  obviously 
impracticable;  likewise  with  respect  to 
cement,  the  aggregate  value  of  the  do¬ 
mestic  output  in  1929  is  found  to  be  a 
composite  average  covering  cement 
sold  in  the  Southeastern  district  for 
$1.26  a  barrel,  along  with  similar  mate¬ 
rial  sold  for  higher  prices  up  to  $2.08 
in  the  high-cost  regions  of  the  Rocky 
Mountain  States.  Inasmuch  as  data 


regarding  the  American  valuation  ot 
imported  materials  are  not  available, 
the  unit-value  figures  upon  which  this 
column  is  based  are  those  for  domestic 
production  (which  are  reported  f.o.b. 
mine  shipping  point),  but  even  with  re¬ 
spect  to  items  for  which  imports  are 
consequential  these  valuations  are  a 
reasonably  accurate  index  of  the  value 
of  total  consumption. 

In  almost  every  instance  the  apparent 
increase  is  far  greater  on  a  value  basis 
than  on  a  volume  basis.  The  main 
cause,  of  course,  is  higher  prices.  As 
indicated  in  Table  I,  the  index  of 


Table  I — General  Indicators  of  Economic  Conditions  in  the  United  States 
During  Pre-War  and  Post-War  (Pre-Depression)  Periods 


Pre-War 

Poet-War 

Averages 

Averages 

Per  Cent 

(1912-14) 

(1927-29) 

Increase 

Population  on  July  1,  thousands . 

.  96,512 

119,861 

24 

Industrial  production,  index  numbers(o) . 

.  62.9 

101.5 

61 

Building  contracts,  millions  of  square  feet(^) . 

.  703 

952 

35 

Prices,  all  commodities,  index  numbers(‘) . 

.  69.0 

96.5 

40 

Prices,  building  materials,  index  numbers!') . . 

.  55.1 

94.7 

72 

(•)Froin  data  of  Standard  Statistics  Company,  Inc.;  1926=  100.  (*) Pre-war  data  for  1913-14  calculated  by 

W.  R.  Ingalls  (American  Bureau  of  Metal  Statistics  Yearbook.  1 3th  issue,  1932);  from  value  data  by  Bradstreet; 
poet-War  data  by  Dodtre  Corporation.  (*)U.  S.  Bureau  of  Labor  Statistics;  1 926  =100. 


Table  II — Summary  of  Consumption  Trends  and  Sources  of  Supply  for 
Specified  Non-Metallic  Minerals  in  the  United  States,  Based  on 


Three-Year  Averages  for  Pre-War  and  Pre-Depression  Periods 


Commodity  and 

General 

Classification 

1912-14 

1927-29 

Volume  (0 
Change 

Value!*) 

Change 

Percentage  Sup¬ 
plied  by  Domestic 
Production 
1912-14  1927-29 

Short 

Short 

Per 

Per 

Per 

Per 

Tons 

Tons 

Cent 

Cent 

Cent 

Cent 

Building  Materials; 

Cement . 

(‘)  87,574,650 

(‘)  174,700,827 

-1-99.4 

+  240 

100 

lOO 

.Aggregate!') . 

99,412,618 

239,734,072 

-fMI.  1 

+  343 

100 

100 

Common  brick . 

(^7,930 

(06.326 

-20.2 

+  42 

100 

100 

Face  brick . 

(-0817 

(02.321 

-1-184.0 

+315 

100 

100 

Sand-lime  brick . 

(0180 

(0301 

-1-67.2 

+  292 

100 

100 

Hollow  building  tile . 

(•) 

3,916,810 

(0 

+  207 

100 

100 

Slate . 

(•)  497.659 

656,441 

-+-31.9 

+  90 

100 

102 

Gyp>sum . 

2,968,189 

6,119,697 

-1-106. 1 

+  420 

85 

84 

Lime . 

3,479,319 

4,383,834 

.■f25.9 

+  155 

101 

100 

Dimension  stone . 

(*)  1,474,663 

4,546.851 

-1-208.2 

+  105 

100 

100 

Abrasives: 

Emery  and  corundum . 

19,212 

8,852 

-53.9 

(0 

4 

36 

Garnet . 

5,600 

6,500 

-1-16 

+  157 

86 

100 

Pumice . 

33,512 

69,146 

-1-111.3 

+  312 

79 

86 

Fertilizers: 

Phosphate  rock . 

1,971,743 

2,834,401 

-f43.7 

+  35 

149 

123 

Potash . 

(*)  606,827 

928,220 

-1-52.9 

(0 

0 

11 

Ceramic  materials; 

Clay,  pottery,  and  paper - 

721,980 

1,087,168 

-1-50.5 

+95 

50 

74 

Clay,  china  only . 

442,140 

798,285 

-1-80.5 

+79 

34 

61 

Clay,  fire . 

1.641,394 

2,826,306 

+72.1 

+  221 

100 

102 

Feldspar . 

68.495 

259,920 

+  279.4 

+  700 

77 

88 

Glass  sand . 

1,625,612 

2,234,066 

+  37.4 

+  114 

100 

99 

Miscellaneous: 

Barite . 

73.991 

339,615 

+  279 

+  775 

41 

78 

Fluorspar . 

128,768 

191,171 

+  48.4 

+  355 

85 

70 

Fuller's  earth . 

58,331 

280,301 

+  380.5 

+  588 

64 

103 

Graphite,  amorphous(') . . . . 

14,760 

24,000 

+  63 

(0 

55 

61 

Graphite,  crystalline . 

18,931 

12,642 

-33.2 

(0 

12 

21 

Magnesite(0 . 

301,420 

265,710 

-11.8 

(0 

3 

55 

1,447,384 

810,641 

-44.0 

(0 

24 

39 

Salt . 

4,854,806 

7.967,591 

+64.  1 

+  165 

99 

101 

Sulphur . 

293,890 

1,928,249 

+  555 

+  565 

no 

114 

Talc,  ground . 

151,877 

223.411 

+  47.1 

+  105 

91 

88 

(«) For  three-year  period.  1927-29  vs.  1912-14;  value  change  approximate  (con.<iumption  values  calculated 
on  basis  of  unit  values  of  domestic  production  only) .  (*)  Barrels.  (')  Includes  bailding  and  paving  sand,  buildin? 
and  paving  gravel,  and  crushed  stone  used  in  concrete  and  as  road  metal.  (<0  Millions  of  brick.  (•)  Value  only 
available.  (ONodata.  (*)Data  for  1916.  (*) Data  for  1 9 1 3- 1 4.  (0 Includes  consumption  (partly  estimated » 
of  artificial  graphite  as  well  as  natural.  (OExpressed  as  equivalent  crude  magnesite. 
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Production  and  value  relations  of  metais  and  non-metalS|  based  on  1929  statistics 


1927-29  average,  showed  a  somewhat 
better  comparison  with  pre-War  aver¬ 
ages  than  did  the  metals.  Compared 
with  1929  peaks,  the  demand  for  the 
major  metals  dropped  in  1932  from  60 
to  80  per  cent  in  volume  and  80  to  90 
per  cent  in  value,  whereas  several  lead¬ 
ing  non-metals  declined  only  a  little 
over  50  per  cent  in  volume  and  60  to 
70  per  cent  in  value.  For  common 
brick  the  collapse  was  to  18  per  cent  of 
the  1929  output  (only  about  one-eighth 
of  the  1912-14  average,  owing  to  ad¬ 
verse  long-term  factors).  On  the  other 
hand,  the  apparent  consumption  of  salt, 
because  of  its  diversified  uses  (espe¬ 
cially  in  the  relatively  “depression- 
proof”  food  industries)  continued  in  1932 
at  over  75  per  cent  of  the  1929  peak. 

Price  changes  during  the  depression 
were  much  more  favorable  to  the  non- 
metals  than  to  the  metals  group,  the 
average  of  which  was  dragged  down 
by  the  precipitous  declines  in  copiper, 
lead,  zinc,  and  silver.  In  comparison 
with  the  wholesale  price  index  for  all 
commodities,  as  ascertained  by  the  U.S. 
Department  of  Labor,  the  metals  as  a 
group  declined  a  trifle  more,  whereas 
the  non-metals  made  a  very  much  better 
showing.  During  the  upturn  in  1933, 
however,  the  reverse  was  true.  Accord¬ 
ing  to  preliminary  figures  the  prices 
of  metals  recovered  more  rapidly  than 
the  general  average,  whereas  the  prices 
of  non-metals  generally  lagged  behind, 
reflecting  the  failure  of  building  con¬ 
struction  to  pick  up. 


wholesale  prices  of  all  commodities  was 
40  per  cent  higher  during  the  post-War 
period  and  for  building  materials  as  a 
group  72  per  cent.  However,  for  many 
of  the  non-metals  listed  the  average 
unit  values  increased  100  per  cent  or 
more  as  a  result  of  tariff  changes,  bet¬ 
ter  preparation  or  selection,  or  more 
advanced  refining  or  fabrication  con¬ 
ducted  at  the  mine  or  quarry  instead  of 
at  the  purchaser’s  plant  (integration). 

What  Happened  After  1929? 

The  generally  optimistic  picture  pre¬ 
sented  by  the  tabulations  heretofore  set 
forth  in  this  paper  is  distorted  by  sub¬ 
sequent  economic  convulsions  which 
have  affected  the  well-being  of  the  non- 
nietallic  mineral  industries  in  common 
with  business  in  other  lines.  The  magni¬ 
tude  of  these  effects  cannot  even  yet  be 
measured,  because,  unfortunately,  cur¬ 
tailment  of  output  in  many  of  these  lines 
continued  long  after  the  books  for  1932 
were  closed,  and  interim  data  for  1933 
in  conjunction  with  the  various  other 
indexes  indicate  merely  that  the  calen¬ 
dar  year  1933  figures  will  be  worse, 
but  not  how  much  worse,  than  those  for 
1932.  The  demand  for  building  mate¬ 
rials  in  particular  failed  to  expand  with 
the  quickening  in  steel  and  general 
business  activity.  After  many  former 
depressions  construction  has  led  the  re¬ 
covery,  but  even  after  the  close  of  the 


third  quarter  of  1933  the  building  out¬ 
look  was  not  clear,  although  encourag¬ 
ing  signs  were  noted  in  private 
residential  construction  and  promised 
aid  from  public  works. 

In  a  summary  review  of  the  status 
of  the  mineral  industries  in  the  Min¬ 
erals  Yearbook  for  1932-33,  published 
by  the  Bureau  of  Mines,  Scott  Turner 
presents  a  series  of  index  numbers  and 
other  tabulations  that  tend  to  show  that 
the  world-wide  recession  in  general 
business  affected  metals  most  and  min¬ 
eral  fuels  least,  with  the  non-metals 
forming  an  intermediate  group.  The 
collapse  in  volume  of  metal  consump¬ 
tion  was  more  apparent  in  1930  and 

1931,  and  during  1932  it  continued  at  a 
slower  rate,  whereas  the  decline  in  con¬ 
sumption  volume  of  many  non-metals 
did  not  gather  momentum  so  rapidly, 
but  proceeded  in  1932  at  an  accelerated 
rate.  In  the  instance  of  building  mate¬ 
rials  this  condition  was  in  part  ex¬ 
plained  by  “make-work”  programs  in 
1930  and  1931,  followed  by  a  drying 
up  of  such  expenditures  by  local  gov¬ 
erning  bodies  and  a  sharp  decline  even 
in  Federal-aid  highway  construction  in 

1932.  Certain  items,  notably  fluorspar, 
fireclay,  and  magnesite,  which  are  all 
used  in  the  steel  industry,  exhibited 
drastic  curtailment  below  pre-War 
levels;  but,  generally  speaking,  the  con¬ 
sumption  of  non-metals  in  1932,  though 
experiencing  a  serious  slump  from  the 


Gold  in  British  Guiana 
Along  the  Kaburi 

A  REPORT  just  issued  by  the  Geo¬ 
logical  Survey  of  British  Guiana, 
at  Demerara,  deals  with  gold  possibilities 
in  an  area  of  600  sq.mi.  along  and  west 
of  the  Kaburi  River.  Most  of  the  metal 
mined  here  in  the  past  was  produced 
prior  to  1915.  The  larger  part  of  the 
district  has  been  prospected  and  probably 
the  richest  shallow  alluvial  deposits  have 
been  removed.  At  present  100  men  are 
working.  Of  greater  importance  than 
an  increase  in  the  number  of  small  work¬ 
ings,  however,  is  the  possibility  of  de¬ 
veloping  large-scale  operations  of  deep 
alluvials  along  the  larger  creeks  or  small 
rivers.  Five  localities  are  named  as  hav¬ 
ing  deposits  that  show  good  values  in 
gold  and  that  may  be  extensive  enough 
to  warrant  organized  enterprise;  some 
may  be  suitable  for  dredging.  Two  other 
localities  are  suggested  as  possibilities. 

The  Survey  Department  suggests  that 
prospecting  be  confined  to  volcanic-rock 
areas.  It  states  that  the  gold  has  not 
traveled  far  from  its  source  and  that  only 
those  creeks  below  a  certain  level  are 
likely  to  have  sufficient  concentration. 
Certain  white-sand  and  red-sand  deposits 
and  rich  quartz  stringers  in  bedrock  clay 
may  be  profitable.  The  basement  com¬ 
plex  comprises  schists  and  epidiorites  of 
volcanic  origin,  intruded  by  granites. 
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The  Function  of 


Depressors  and  Protective  Agents 


G.  R.  M,  del  Giudice 

Lecturer  in  Mineral  Dressing 
School  of  Mines 
Columbia  University 


Conditioning 
For  Flotation 

Other  Factors  Are  pH  Control  and  Temperature 


Depressors,  as  the  name  im¬ 
plies,  are  reagents  which  hold 
back  flotation.  The  depressing 
agents  which  to  date  have  been  investi¬ 
gated  to  the  point  of  determination  of 
their  mode  of  action  apparently  all 
function  by  reacting  with  the  surfaces 
of  minerals  to  form  thereon  salts  which 
are  less  soluble  than  the  salts  that 
would  be  formed  by  the  reaction  be¬ 
tween  the  soluble  collectors  and  the 
surfaces  of  the  same  minerals. 

Alkali  cyanides  are  typical  de¬ 
pressors.  They  are  widely  used  in  the 
differential  flotation  of  zinc  and  lead 
ores.  The  usual  method  of  treating 
a  galena-sphalerite  ore  is  first  to  float 
the  galena  away  from  the  sphalerite 
and  gangue  and  then  to  float  the 
sphalerite  away  from  the  gangue.  This 
is  accomplished  by  depressing  the 
sphalerite  with  sodium  cyanide  or 
potassium  cyanide.  The  galena  re¬ 
mains  unaffected  by  alkali  cyanides. 
There  may  be  a  question  as  to  why 
the  alkali  cyanide  is  used  at  all  with 
a  collector  such  as  potassium  ethyl 
xanthate,  inasmuch  as  sphalerite  does 
not  adhere  to  gas  bubbles  when  treated 
with  potassium  ethyl  zanthate,  unless 
activated  with  copper  sulphate  or  other 
heavy  metal  salts.*  But  most  complex 
lead-zinc  ores  contain  copper  minerals 
and  all  contain  lead.  During  erind- 
ing,  owing  to  the  oxidation  of  copper 
and  lead  sulphides  and  probably  of  any 
other  heavy-metal  sulphides  present, 


soluble  heavy-metal  salts  find  their  way 
into  the  flotation  circuit  liquor  in  suffi¬ 
cient  quantities  to  activate  sphalerite. 
Further,  the  mill  water  itself  may  con¬ 
tain  sufficient  dissolved  heavy-metal  ions 
to  activate  sphalerite.  Consequently,  in¬ 
asmuch  as  we  are  not  dealing  with  pure 
sphalerite  and  potassium  ethyl  xanthate 
solution,  alkali  cyanides  must  be  added 
to  depress  sphalerite.  After  the  galena 
has  been  floated,  the  depressed  sphalerite 
is  activated  with  copper  sulphate  and  then 
floated. 

Experimental  evidence*  on  this  score 
follows : 

Powdered  sphalerite  abstracts  cyanide 
ion  from  solution  and  at  the  same  time 
the  sulphate  ions  in  solution  increase. 
When  cyanide  ions  are  added  to  a  soluble 
zinc  salt  solution,  a  white  precipitate  is 
formed  which  has  a  molecular  com¬ 
position  of  Zn(CN)j.  Therefore,  when 
sphalerite  is  treated  with  potassium 
cyanide  solution,  Zn(CN)2  is  probably 
formed  at  the  surface  of  sphalerite.  The 
indicated  reaction  is : 

ZnSO,  +  2KCN  =  Zn(CN),  +  K,SO,. 

This  reaction  is  in  accord  with  the  fact 


>See  article  by  the  author  in  E.  d  M.  J., 
June,  1934. 

^A.  F.  Taggart,  T.  C.  Taylor,  and  A.  F. 
Knoll:  “Chemical  Reactions  in  Flotation.” 
Transactions  A.I.M.E.  (1930)  87,  "Milling 
Methods,”  217. 

^Zinc  cyanide  is  rated  as  insoluble  in 
the  Handbook  of  Chemistry  and  Physics, 
by  C.  A.  Hodgman. 


that  Zn(CN)2  is  very  much  less  soluble 
than  ZnS04.  The  sphalerite  treated 
with  potassium  cyanide  will  not  abstract 
ethyl  xanthate  ion  from  solution.  This 
is  to  be  expected,  because  zinc  cyanide* 
is  less  soluble  than  zinc  ethyl  xanthate 
(solubility  335  mg.  per  liter). 

Galena  abstracts  no  substantial 
amounts  of  cyanide  ion,  and,  if  it  has 
been  treated  with  potassium  cyanide,  it 
will  abstract  ethyl  xanthate  ions  from 
solution.  Thus,  galena  can  be  floated 
away  from  sphalerite  and  gangue  in  the 
presence  of  cyanide  ion. 

.Sphalerite  which  has  been  treated  with 
potassium  cyanide  will  abstract  copper 
ions  from  solution.  At  the  same  time  a 
marked  increase  in  zinc  ions  in  solution 
takes  place.  The  probable  course  of  re¬ 
action,  which  has  not,  however,  been 
proved,  is  that  copper  sulphate  first  de¬ 
composes  the  zinc  cyanide  at  the  surface 
of  sphalerite  to  form  a  soluble  cupro- 
cyanide  in  which,  on  account  of  substan¬ 
tial  lack  of  secondary  ionization,  the 
cyanide  ion  is  substantially  completely 
removed  from  solution.  Additional  cop¬ 
per  sulphate  present  reacts  with  the 
sphalerite  to  form  thereon  a  coating  of 
cupric  sulphide  which  becomes  oxidized 
and  then  reacts  with  xanthate  to  furnish 
a  water-repellent  coating  on  the  surface 
of  sphalerite  as  predicated  in  my  article 
dealing  with  activation  {E.&M.J.,  June, 
1934). 

Alkali  cyanides,  when  added  to  water, 
hydrolize  as  shown  by  the  following 
equation : 

KCN“K+-fCN- 

4"  4" 

HOH  OH- -h  H  + 

ir  ir 

KOH  +  HCN 

to  give  potassium  hydroxide  (KOH) 
a  strong  base;  and  hydrocyanic  acid 
(HCN)  a  week  acid.  The  dissociation 
constant  of  hydrocyanic  acid  as  given 
by  the  following  expression  is : 


CL 


WITH  THIS  ARTICLE  Mr.  del  Giudice  completes  his  discussion 
of  the  fundamentals  of  flotation  in  the  light  of  recent  research. 
His  first  contribution  dealt  with  frothing  and  appeared  in  the 
April  issue.  It  was  followed  in  May  by  a  study  of  collection,  and 
in  the  June  number  slime  coatings  and  activators  in  conditioning 
were  considered.  The  remaining  aspects  of  conditioning  are  now 
treated.  Discussion  of  this  series  will  be  welcomed  by  the  author 
and  by  the  Editor. 
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[H+]_[CN:1_  7x10" 

[HCN] 

at  18°  C.  (Madsen) 

Therefore,  the  hydrogen-ion  concen¬ 
tration  (  [H  +  ]  )  influences  the  cyanide- 
ion  concentration  (  [CN“]  ),  for  if  the 
quantity  [H  +  ]  increases,  the  quan¬ 
tity  [CN“]  must  decrease  in  order  to 
[H+]  [CN-] 

maintain  the  fraction 


equal  to  4.7  x 
concentration  is 


[HCN] 
lO"'".  The  hydrogen-ion 
usually  expressed  as 


pH^which  is  equal  to  log 

so  that  the  higher  the  value  of  pH 
becomes,  the  smaller  the  concentration 
of  hydrogen  ions;  and,  conversely,  the 
lower  the  value  becomes,  the  higher  the 
hydrogen-ion  concentration.  The  pH 
of  pure  water  (neutral)  is  7.0,  and  pH 
has  limiting  values  of  0  on  the  acidic 
side  and  14  on  the  basic  side.  In  other 
words,  in  a  solution  of  potassium  cya¬ 
nide,  the  higher  the  pH,  the  lower  the 
value  of  [H  +  ],  and,  consequently,  the 
higher  the  concentration  of  cyanide 
ions;  conversely,  the  lower  the  pH,  the 
higher  the  value  of  [H+],  and,  con¬ 
sequently,  the  lower  the  concentration 
of  cyanide  ions  available  for  reaction 
with  mineral  surfaces. 


.  [H  +  ]  [CN-] 

Using  the  expression - [HCN] - 

=  4.7x10"*“,  the  percentage  of  the 
added  sodium  cyanide  that  is  present 
as  cyanide  ions  can  be  calculated  for 
each  pH  value.  Fig.  1  is  a  curve 
showing  the  influence  of  pH  on  cya¬ 
nide-ion  concentration,  and  it  specifically 
shows  the  actual  cyanide-ion  concen¬ 
tration  at  different  pH  values  for  100 
mg.  per  liter  of  added  sodium  cyanide. 

Wark  and  Cox'  have  investigated  the 
joint  influence  of  alkalinity  and  cyanide 
concentration  on  the  contact  between 
air  and  certain  minerals  in  the  presence 
of  potassium  ethyl  xanthate.  They 
found  in  the  first  place  that  there  is  a 
critical  pH  value  for  each  mineral, 
above  which,  even  in  the  absence  of 
cyanide,  potassium  ethyl  xanthate  fails 
to  activate’. 

Wark  and  Cox  also  found  that  galena 
is  unaffected  by  cyanide.  The  amount 
of  cyanide  required  to  depress  the  cop¬ 
per  and  iron  minerals  at  any  given  pH 
value  increases  materially  in  the  fol¬ 
lowing  order :  pyrite,  chalcopyrite, 
bornite,  covellite,  and  chalcocite.  The 
experimental  results  are  summarized  in 
Figs.  2  and  3.  Below  the  curves  con¬ 
tact  is  possible;  and  above  the  curves 
contact  is  impossible.  The  curves  show 


Fig.  1 — Curve  showing  In¬ 
fluence  of  pH  on  cyanide- 
ion  concentration.  From 
flata  by  Wark  and  Cox 


♦ 


Fig.  2 — Curve  showing 
Joint  influence  of  alkalin¬ 
ity  and  cyanide  concen¬ 
tration  on  the  contact  be¬ 
tween  air  and  chalcocite 
in  the  presence  of  potas¬ 
sium  ethyl  xanthate 
(KEtX  =  25  mg.  per 
liter).  After  Wark  and  Cox 


pH 

♦ 


Fig.  3 — Contact  curves  for  pyrite,  chalcopyrite,  bornite, 
covellite,  and  galena  (KEtX  =  25  mg.  per  liter).  Con¬ 
tact  possible  only  below  curves.  After  Wark  and  Cox 


the  relation  between  pH  and  amount 
of  cyanide  at  the  transition  point,  for 
each  mineral,  between  contact  and  no¬ 
contact.  When  no  cyanide  is  present 
these  curves  give  the  critical  pH  value 
for  the  different  minerals  (intercepts 
on  pH  axis).  An  examination  of  the 
curves  shows  that  cyanide  lowers  the 
critical  pH  value  for  all  of  the  min¬ 
erals  tested  except  galena.  Since  below 
the  critical  pH  value  and  in  the  ab¬ 
sence  of  cyanide  all  the  minerals  give 
contact  to  gas  bubbles  in  the  presence 
of  potassium  ethyl  xanthate,  it  appears 
that  in  so  far  as  depression  with  cya¬ 
nide  is  concerned,  pH  is  important 
only  to  the  extent  that  it  controls  the 
cyanide-ion  concentration.  As  a  result 
of  hydrolysis,  alkali  cyanides  affect  pH. 
Using  values  obtained  from  the  curve 
of  Fig.  1,  Wark  and  Cox  have  calcu¬ 
lated  the  actual  cyanide-ion  concentra¬ 
tions  of  solutions  of  compositions  rep¬ 
resented  by  points  on  the  curves  of 
Figs.  2  and  3.  The  results  thus  obtained 
indicate  that  these  curves  are  lines  of 
substantially  constant  cyanide-ion  con¬ 
centration.  Hence,  it  follows  that  for 
each  mineral,  with  the  exception  of 
galena,  there  is  a  critical  cyanide-ion 
concentration  above  which  no  contact 
with  gas  bubbles  is  possible  in  the  pres¬ 
ence  of  potassium  ethyl  xanthate. 

From  the  economic  point  of  view,  the 
important  relation  shown  by  the  curves 
of  Figs.  2  and  3  is  that  for  any  given 
mineral,  at  high  pH  values,  relatively 
small  amounts  of  alkali  cyanides  give 
sufficient  cyanide-ion  concentration  to 
prevent  contact  with  gas  bubbles  with 
potassium  ethyl  xanthate.  Further  ex¬ 
amination  of  the  curves  indicates  that 
the  critical  cyanide-ion  concentration 
differs  widely  for  different  minerals. 
Approximate  values  given  by  Wark 
and  Cox,  using  a  solution  of  potassium 
ethyl  xanthate  of  25  mg.  per  liter,  are 
given  in  Table  I. 

Table  I — Critical  Cyanide-ion 
Concentration 

Mineral  CX~Ions 

(Mg.  per  Liter) 

Chalcocite  .  180 

Covellite  .  34 

Bornite .  7 

Chalcopyrite .  0.4 

Pyrite  .  0.1 


*1.  W.  Wark  and  A.  B.  Cox:  “Principles 
of  Flotation — II.”  "An  Experimental  Study 
of  the  Influence  of  Cyanide,  Alkalis,  and 
Copper  Sulphate  on  the  Effect  of  Potassium 
Ethyl  Xanthate  at  Mineral  Surfaces.” 
Transactions  A.I.M.E.,  T.P.495  (1933). 

®In  this  connection  the  fact  is  of  interest 
that  Wark  and  Cox  in  a  previous  publica¬ 
tion  (I.  W.  Wark  and  A.  B.  Cox:  “Prin¬ 
ciples  of  Flotation — An  Experimental  Study 
of  the  Effect  of  Xanthates  on  Contact 
Angles  at  Mineral  Surfaces.”  Transactions 
A.l.M.E.  T.P.  461,  1932)  reported  that  it 
was  necessary  to  activate  pyrrhotite  with 
copper  sulphate  in  order  to  obtain  captive- 
bubble  contact  with  methyl  xanthate,  ethyl 
xanthate,  propyl  xanthate,  butyl  xanthate, 
and  amyl  xanthate.  These  workers  later 
found  (see  footnote  No.  4)  that  with  ethyl 
xanthate  solution  the  critical  pH  value  for 
pyrrhotite  is  close  to  6.0.  Pyrrhotite  did 
not  respond  in  the  earlier  tests,  because 
the  pH  value  of  the  solution  of  potassium 
ethyl  xanthate  was  about  6.5.  The  copper 
sulphate,  due  to  hydrolysis,  lowered  the  pH 
value  sufficiently  to  cause  contact.  Whether 
copper  sulphate  has  any  other  effect  on 
pyrrhotite  has  not  been  determined  as  yet. 
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Why  the  critical  cyanide-ion  concen¬ 
tration  differs  from  mineral  to  mineral 
has  not,  up  to  the  present,  been  estab¬ 
lished. 

Wark  and  Cox  (see  footnote  No.  4) 
also  investigated  the  joint  effect  of 
alkali  cyanides  and  pH  on  sphalerite, 
marmatite  (ZnS  containing  10  per  cent 
or  more  of  iron)  and  christophite 
(solid  solution  of  FeS  in  ZnS  in  ratio 
of  1 :2),  and  on  chalcopyrite  and  pyrite 
in  the  presence  of  copper  sulphate. 
They  found  that  sphalerite,  marmatite, 
and  christophite  are  equally  sensitive 
to  cyanide.  However,  they  discovered 
that  sphalerite  and  chalcopyrite  gave 
contact  with  gas  bubbles  in  the  presence 
of  potassium  ethyl  xanthate  in  solutions 
to  which  alkali  cyanides  had  been 
added,  provided  enough  copper  sulphate 
had  been  added  substantially  to  remove 
cyanide  ion  by  forming  cuprocyanide. 

Wark  and  Cox  further  found  that 
above  a  pH  value  of  8.5,  pyrite  is 
activated  by  a  solution  of  ISO  mg.  per 
liter  of  copper  sulphate,  but  that,  at 
lower  pH  values,  copper  sulphate  has 
an  additive  effect  on  the  depression  of 
pyrite  with  cyanide.  They  postulate 
that  this  effect  is  due  to  the  formation 
of  cupro-cyanide  ions  which  then  react 
with  the  iron  at  the  surface  of  pyrite 
to  form  there  a  relatively  insoluble  salt. 
These  experimental  results  are  sum¬ 
marized  in  Fig.  4. 

Galena,  however,  is  activated  by  cop¬ 
per  sulphate  in  solutions  in  which  the 
pH  value  is  higher  than  the  critical 
value.  Wark  and  Cox  ascribe  this  to 
the  formation  of  a  copper-bearing  film 
on  the  surface  of  galena. 

Lactic  acid  has  been  used  effectively 
to  depress  mica.  The  reason  why  it 
does  this  has  not  been  established. 

Chromates  depress  galena  when 
potassium  ethyl  xanthate  is  used.  Lead 
chromate  with  a  solubility  of  0.1  mg. 
per  liter  is  less  soluble  than  lead  ethyl 
xanthate  with  a  solubility  of  0.5  mg. 
per  liter,  and  therefore  lead  chromate 
will  be  formed  on  the  surface  of  galena 
preferentially  to  lead  ethyl  xanthate. 

Certain  colloidal  substances  such  as 
gum  arabic*  (for  the  differential  flota¬ 
tion  of  lead-zinc  ores)  and  albumen’  and 
starch*  (for  the  flotation  of  coal  from 
other  carboniferous  materials)  have  been 
suggested  in  the  patent  literature. 
However,  the  action  and  control  of 
these  colloidal  depressors  is  not  well 
understood  as  yet. 


with  them.  Although,  on  the  ground 
of  solubilities,  we  may  say  that  in  some 
cases  these  precipitated  salts  may  still 
function  as  collectors  (for  example, 
lead  ethyl  xanthate  is  more  soluble  than 
cuprous  ethyl  xanthate,  and  therefore, 
in  a  flotation  operation  in  which  copper 
sulphide  minerals  are  being  floated  and 
potassium  ethyl  xanthate  is  the  col¬ 
lector,  when  lead  salts  are  present  in 
the  mill  water  the  resulting  lead  ethyl 
xanthate  precipitate,  even  if  formed, 
should  disappear  to  form  the  less  solu- 


Table  II — Effect  of  pH  on  Flotation 
of  Sphalerite 

pH  Value  of 
Maximum 

Collector  Recovery 

p-Thlocresol  .  6  2 

Iso-amyl  mercaptan  .  6^4 

•Potassium-n-amyl  xanthate..  3. 4-5.4 

•Di-iso-amyl  ammonium  di- 

iso-amyl  di-thio-carbamate  7.9 

Tri-iso-amyl  amine  .  7.8 

•Mono-iso-amyl  amine  .  9.8-10.4 

Phenyl  hydrazine  .  6.2 

•Di-phenyl  hydrazine  hydro¬ 
chloride  .  2. 5-3. 5 

Iso-amyl  phenyl  hydrazine.  .  5.0 


pH  Control 

Gaudin,  Haynes,  and  Haas*  have  in¬ 
vestigated  the  effects  of  pH  on  the  flota¬ 
tion  of  sphalerite  with  various  collecting 
agents  and  with  collecting  agents  plus 
an  activator.  Recoveries  with  collect¬ 
ing  agents  alone  passed  through  a 
maximum  value  of  pH  in  every  case. 
The  results  are  given  in  Table  II. 

Some  reagents  (marked  with  an 
asterisk  in  the  table)  gave  a  wide  zone 
of  pH  values  of  maximum  recovery, 
whereas  the  others  gave  very  narrow 
zones.  On  both  sides  of  the  zones  of 
pH  values  of  maximum  recovery,  the 
recoveries  fall  off  rather  rapidly. 

The  effect  of  copper  sulphate  (acti¬ 
vator  )  was  in  all  cases  to  widen  the 
zones  of  highest  recoveries.  With  the 
sulphydrate  type  of  collectors  it  addi¬ 
tionally  raised  recoveries  in  the  maxi¬ 
mum  zone,  but  with  the  nitrogen  col¬ 
lectors  there  was  no  increase  in  the 
maxima. 

Thomas'*  recommends  close  control 
of  alkalinity  to  the  range  from  7.5  to  8 
for  flotation  of  metallic  gold  and  silver, 
when  lime  (protective  agent)  is  used 
to  precipitate  iron  and  copper  salts. 
Higher  concentrations  of  lime  cause 
marked  decreases  in  recovery. 

At  very  low  pH  values  xanthates  are 
changed  to  xanthic  acid,  the  reaction 
for  ethyl  xanthate  being”: 

(C  =  S.OC,H,.S)-  + 
ethvl  xanthate  ion 

H+  C  =  S.OQH.SH 
xanthic  acid 
insoluble  in  water 

The  liberated  .xanthic  acid  is  un¬ 
stable  and  decomposes  to  carbon  disul¬ 
phide  and  ethyl  alcohol.  Tlie  equation  is 

C  =  S.OC,H,SH  ^  CS,  +  C.,HPH 

Consequently,  at  low  pH  values  there 
are  substantially  no  xanthate  ions  with 
which  mineral  surfaces  may  react.  We 
have  already  seen  that  mineral  surfaces 
above  their  critical  pH  values  do  not 
respond  to  ethyl  xanthate  treatment. 
However,  in  the  range  between  the 
very  low  pH  values  and  the  critical 
value,  Taggart”  believes  that  the  zones 

“Tech.  Pub.  7  (1930).  University  of 

Utah. 

i«U.  S.  Patent  No.  1,  802,989  (1931). 

”T.  C.  Taylor  and  A.  F.  Knoll ;  “Action 
of  Alkali  Xanthates  on  Galena.”  Transac¬ 
tions  A.I.M.E.  Contr.  No.  26,  1933. 

“A.  P.  Taggart :  “Mineral  Flotation.” 
Journal  of  Physical  Chemistry,  36,  p.  130, 
1932. 


CuSOa- 5 H2O  -ISOmg.pxr  lifer\ 


(Sphalerift,  Marmatite  and 
1 —  Christophite)  — 


Pynte  CuS04.SH20  = 
ISO  mg.  per  titer 


ir-  C0SO4 .5H2  0  =25rng.per  Htd 
( Sphalerite  only) 


pH  Volue 


Fig.  4 — Contact  curves  for 
activated  sphalerite,  marma- 
tite,  and  pyrite  (KEtX-ZS 
mg.  per  liter).  After  Wark 
and  Cox 


ble  cuprous  ethyl  xanthate  at  the  sur¬ 
face  of  the  copper  sulphides),  the 
desirable  property  of  soluble  collectors 
to  come  in  intimate  contact  with  the 
mineral  particles  throughout  the  pulp 
is  somewhat  lost.  In  other  words,  the 
compounds  formed  by  reaction  between 
these  soluble  salts  and  the  collector 
act  as  distinctly  less  effective  collecting 
agents.  Again,  in  a  differential  flota¬ 
tion  operation  soluble  metal  salts  may 
act  as  activators  for  minerals  which  in 
the  scheme  of  the  operation  should 
ordinarily  be  floated  at  a  later  stage 
of  the  process.  That  this  is  possible  is 
shown  by  the  practice  in  the  differential 
flotation  of  galena  and  sphalerite. 

Soluble  sulphides  usually  remove  ob- 
jectional  metal  salts  effectively;  how¬ 
ever,  it  then  becomes  necessary  to 
aerate  the  pulp  thoroughly  as  explained 
under  “Activation”  (E.&M.J.,  June). 

Iron  salts  in  solution  seem  to  react 
with  alpha-naphthylamine  and  with  ben¬ 
zidine  to  form  compounds  of  apparently 
less  effectiveness  as  collectors  than  the 
original  reagents.  Lime  is  usually  used 
as  a  protective  agent  to  remove  the  iron 
salts  by  precipitating  the  hydroxide. 

Recapitulating,  flotation  pulps  may 
contain  salts  either  derived  from  the 
ore  or  originally  present  in  the  mill 
water,  which  may,  under  some  condi¬ 
tions,  seriously  interfere  with  the 
proper  functioning  and  the  economy  of 
the  flotation  process.  Protective  agents, 
in  the  cases  investigated,  remove  these 
objectionable  salts  from  solution  by 
reacting  with  them  to  form  highly  in¬ 
soluble  salt  or  salts. 


Protective  Agents 

If  a  copper  or  lead  salt  is  added  to  a 
solution  of  potassium  ethyl  xanthate, 
a  precipitate  of  the  metal  ethyl  xanthate 
will  be  formed.  Therefore,  if  in  a  flota¬ 
tion  operation  soluble  metal  salts  are 
present  in  the  mill  water,  part  of  the 
collector  will  be  consumed  by  reacting 


"U.  .S.  Patent  No.  1,  449,872 
U'.  S.  Patent  No.  1,  446,376 
^U.  S.  Patent  No.  1,  595,745 
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of  maximum  recovery  correspond  to 
pH  bands  of  maximum  reaction  velocity 
between  the  respective  collectors  and 
the  mineral-particle  surfaces. 

Wark  and  Cox  (see  footnote  No.  5) 
have  tested  the  effect  of  temperature 
upon  the  response  of  minerals  to  gas 
bubbles  in  the  presence  of  ethyl 
xanthate.  They  found  that  within  the 
comparatively  limited  range  of  tem¬ 
perature  (up  to  60  deg.  C.),  there  was 
no  effect.  They  state,  further,  that  this 
does  not  necessarily  mean  that  tem¬ 
perature  does  not  influence  the  range 
of  contact  with  respect  to  pH  varia¬ 
tions,  nor  the  effect  of  other  reagents. 
As  a  matter  of  fact,  inasmuch  as  the 
attachment  of  a  mineral  surface  to  a 
gas  bubble  depends  upon  the  formation 
of  an  insoluble  water-repellent  film  on 
the  surface  of  the  mineral,  and  for  the 
reason  that  solubility  varies  with  tem¬ 
perature,  it  seems  likely  that  contact 
may  be  a  function  of  temperature. 
Temperature  may  also  influence  the 
rapidity  with  which  the  equilibrium  of 
the  reaction  between  the  mineral  sur¬ 
face  and  the  collector  or  other  agents 
is  reached.  Finally,  inasmuch  as  solu¬ 
bility  of  a  gas  in  water  varies  inversely 
as  the  temperature,  the  latter  may  also 
influence  the  rate  at  which  air  is  precipi¬ 
tated  out  of  water  in  agitation  machines. 


An  Ingenious  Water  Alarm  System 
For  Air  Compressors 


Engineers  who  operate  air  com¬ 
pressors  understand  the  seriousness 
of  a  sudden  stoppage  of  the  water  sup¬ 
ply  to  the  water  jackets,  writes  L.  E. 


Davis,  chief  electrician  of  the  Santa 
Cruz  Portland  Cement  Company,  Daven¬ 
port,  Calif. 

To  obviate  this  trouble,  all  of  the 
air  compressors  at  the  quarry  and 
processing  plant  of  the  company  were 
equipped  with  the  simple  and  inexpen¬ 
sive  alarm  shown  in  the  accompanying 
sketch.  It  consists  essentially  of  a  steel 
lever  with  a  small  funnel  on  one  end 
and  a  mercury  switch  and  a  counter¬ 
weight  on  the  other  end;  a  steel  ful¬ 
crum  riveted  to  the  discharge  funnel; 
and  a  horn. 

Operation  of  the  device  is  simple.  The 
water  from  the  water  jacket  flows  into 
the  small  funnel,  which  is  so  constructed 
that,  with  the  normal  flow  of  water,  the 
funnel  will  be  held  in  its  lowest  posi¬ 
tion,  thus  keeping  the  mercury  switch 
open.  Should  the  water  supply  fall  be¬ 
low  normal  or  stop  entirely,  the  counter¬ 
weight  will  immediately  raise  the  funnel, 
close  the  mercury  switch,  and  the  horn 
will  sound  the  alarm. 


Investment  Metal  Costs 

Many  Factors  Influence  Capital  Requirements 


Two  PHASES  of  the  general 
question  of  metal-production  costs 
have  been  covered  in  the  pre¬ 
ceding  articles  in  this  series — namely, 
the  ratio  of  sales  price  to  dividends  dis¬ 
tributed  and  the  competitive  position  of 
one  company  with  another  as  repre¬ 
sented  by  dividends  prorated  according 
to  the  various  metals  produced.  In  the 
following  tables  the  capital  invest¬ 
ment  necessary  to  produce  a  pound  of 
copper,  lead,  and  zinc  is  indicated.  Cer¬ 
tain  reservations  should  be  made  in 
comparing  one  company  with  another. 
For  instance,  the  geographic  position 
of  a  company’s  properties  is  important 
because  transportation  charges  comprise 
a  substantial  part  of  plant  costs.  The 
year  1929  was  selected  for  the  reason 
that  in  the  non-ferrous  metal  industries 


This  is  the  fourth  article  in  a  series 
devoted  to  a  study  of  production  costs,  con¬ 
sisting  largely  of  tables  prepared  by  the 
Minerals  Division  of  the  U.  S.  Bureau  of 
Foreign  and  Domestic  Commerce. 


H,  D,  Keiser 

Associate  Editor 


production  of  that  year  represented  the 
closest  approach  to  the  maximum  cap¬ 
acity  rating  of  the  various  companies. 
Attention  is  directed  to  the  fact  that 
maximum  capacity,  according  to  pub¬ 
lished  production  records,  has  never 
been  attained. 

Two  methods  were  employed  in  pre¬ 
paring  the  accompanying  tables  for  the 
purpose  of  showing  clearly  the  invest¬ 
ment  per  pound  of  actual  output.  First, 
investment  in  mine  development,  plant, 
and  equipment  was  considered ;  this  was 
deemed  to  be  the  only  approach  that 
would  illustrate  practically  the  point  de¬ 
sired.  Then,  consideration  was  given 
to  fixed  investment,  which  includes 
fluctuations  of  the  mining  property,  as 
well  as  investment  in  mine  development, 
plant,  and  equipment.  The  suggestion 


is  made  that,  in  view  of  past  records, 
evaluation  of  future  work  by  present 
values  is  dealing  with  too  many  uncer¬ 
tainties,  and  that  reasonably  accurate 
conclusions  cannot  be  drawn  from  such 
a  compilation.  For  example,  the  total 
investment  of  the  Anaconda  Copper 
Mining  Company  in  mine  development, 
plant,  and  equipment,  according  to  the 
company’s  published  statements,  is  $105,- 
052,514,  as  shown  in  the  first  table. 
According  to  the  same  authority;  the 
company’s  total  fixed  investment,  as 
presented  in  the  third  table,  is  $303,- 
892,193.  Using  this  company  symboli¬ 
cally,  the  value  of  its  property  based 
upon  the  average  price  of  copper  dur¬ 
ing  the  eleven-year  period  of  the  pre¬ 
vious  studies  (13.53c.)  and  evaluating 
the  properties  on  basis  of  present  price 
of  copper  (9c.)  would  indicate  a  shrink¬ 
age  of  about  33J  per  cent.  Therefore, 
use  of  the  first  table  (page  354)  would 
seem  more  suitable  for  studies  based  on 
the  cost  of  development  of  copper,  lead, 
and  zinc  properties. 
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(5)  kepreaents  the  differeni-e  between  total  uBsets  and  eurrent  assets. 


Investment  in  Some  Lead-Producing  Companies — Dec.  31,  1929 
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Determining  the  Dust  Content 

Of  Atmospheric  Air 


The  Greenburg-Smith  Impinger 
combines  two  principles  formerly 
used  for  dust  catching  in  the 
Transvaal — the  aspiration  of  dust-laden 
air  through  water  in  a  wash  bottle, 
as  practiced  by  C,  Toombs;  and  the 
impingement  of  dust  particles  against  a 
surface,  as  introduced  by  Sir  Robert 
Kotze.  But  in  this  case  the  glass  plate 
surface,  against  which  the  jet  of  dusty 
air  is  directed,  is  submerged  in  water, 
and  their  momentary  arrest  and  impact 
seems  to  assure  the  wetting  of  the  sur¬ 
faces  of  the  dust  particles,  because  the 
efficiency  of  dust  collection  is  reported 
high  (94  to  97.5  per  cent  with  fine  sil¬ 
ica  dust)  in  comparison  with  some  other 
collectors.  In  comparison  with  the 
Palmer  water-spray  sampler  taken  as 
1.0,  based  on  the  number  of  particles 
caught,  the  rating  was  2.1  for  sugar 
tube,  and  for  the  Impinger  5.0.  With 
the  weight  of  dust  caught  by  the  Pal¬ 
mer  taken  as  1.0,  the  sugar  tube  gave 
1.6,  the  filter  paper  thimble  1.5,  and 
the  Impinger  2.1.  Eleven  years  of  ex¬ 
tensive  field  experience  in  industrial 
dust  studies  in  the  United  States  still 
leaves  the  Impinger  firmly  intrenched 
as  the  standard  dust-sampling  appar¬ 
atus  here.  Permissible  limits  for  the 
dust  content  of  air  have  been  established 
by  the  United  States  Public  Health 
Service  on  the  basis  of  Impinger  sam¬ 
ples,  so  even  though  some  new  device 
should  surpass  the  Impinger  in  its  ac¬ 
curacy  and  convenience,  great  inertia 
is  likely  to  be  encountered  against  its 
adoption.  However,  it  would  be  un¬ 
fortunate  if  that  should  prove  a  deter¬ 
rent  against  progress  in  the  art  of  dust 
sampling  and  determination.  Some  way 
of  correlating  new  and  old  methods 
and  data  should  be  devised,  or  even 
new  investigations  and  field  studies  may 
be  warranted. 

The  air-suction  apparatus  is  usually 
designed  to  pass  about  1  cu.ft.  per  min¬ 
ute.  It  may  be  a  double-crank,  hand- 
operated  rotary  positive  pressure  blower 
used  for  a  suction  pump,  as  designed 
by  the  United  States  Bureau  of  Mines, 
with  a  calibrated  revolution  counter ; 
or  it  may  be  a  compressed-air  ejector 
(aspirator)  for  suction  with  orifice  disk 
and  gage  or  manometer  for  metering 
the  air  flow ;  or  it  may  be  an  elec¬ 
trically  driven  suction  pump  with  vari¬ 
able  rheostat  speed  control  and  a  flow¬ 
meter  of  either  pitot  tube,  venturi  tube. 


the  tube  and  the  plate.  The  tube  passes 
through  the  two-hole  rubber  stopper  of 
a  flask  (originally  a  16-oz.  glass  bottle 
and  later  a  500-c.c.  round-bottom  pyrex- 
glass  assay  flask  of  42.5  mm.  outside 
diameter — lain.).  The  most  recent  de¬ 
velopment  has  been  to  impinge  the  jet 
against  the  bottom  of  the  sampling  cyl¬ 
inder,  which  is  a  normal  plane  surface 
in  the  American  apparatus  and  shows 
as  a  convex  surface  in  the  article  on 
-Australian  dust-sampling  practice  by 
-Arnold  B.  Black  in  the  May  issue  of 
the  Engineering  and  Mining  Joiinial. 

A  short  bent  glass  e-xhaust  tube  of 
13-inm.  outside  diameter  passes  through 
the  second  hole  in  the  rubber  stopper  to 
extend  a  short  distance  into  the  sam¬ 
pling  cylinder.  It  carries  a  baffle  plate 
at  its  lower  end,  and  the  upper  end  is 
connected  by  about  25  ft.  of  |-in.  non- 
collapsible  rubber  tubing  to  the  meter¬ 
ing  device  and  exhaust  pump.  The  up¬ 
per  end  of  the  Impinger  tube  is  nor¬ 
mally  kept  stoppered  to  prevent  dust 
contamination  and  is  opened  to  take  the 
air  sample  at  a  man’s  breathing  zone. 
The  flask  may  be  supported  on  a  cam¬ 
era  tripod  or  in  a  leather  sling  around 
the  observer’s  neck. 

Enough  liquid  (usually  water  or  al¬ 
cohol  or  a  mixture  of  the  two)  is  placed 
in  the  flask  to  cover  the  Impinger  plate 
to  a  depth  of  3  cm.  (about  in.). 
Water  is  disadvantageous  in  that  it  is 
likely  to  dissolve  the  minute  particles 
of  silica  which  are  left  in  it  for  some 
time.  This  alcohol  will  not  do.  In 
freezing  weather  some  of  the  latter  must 
be  used,  and  if  the  mixture  does  not 
contain  over  75  per  cent  of  it,  rapid 
evaporation  and  foaming  take  place. 
-Alcohol  has  the  advantage  of  a  lower 
surface  tension  than  water  and  so  wets 
the  particles  of  silica  (and  especially 
coal  dust)  more  readily,  and  disperses 
them  for  better  counting.  From  100 
to  250  c.c.  of  liquid  are  required,  de- 


tireenburg:  -  Smith  Impinger, 
mounted  for  service,  and  case  for 
carrying  Impinger  flasks  to 
iahoratory 
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lime  where  dust  concentrations  in  the 
atmosphere  are  low).  It  is  claimed  that 
the  dust  cloud  has  an  almost  constant 
concentration  within  a  10-ft.  radius  of 
the  point  of  dust  generation,  and  that 
the  Impinger  is  not  selective  between 
the  smaller  and  larger  dust  particles 
which  will  form  suspensions  in  the  air. 

After  the  entrapping  of  the  dust  in 
the  liquid  in  the  Impinger  flask,  it  is 
tightly  corked  and  transported  to  the 
laboratory.  There  the  dust  suspension 
is  filtered  through  a  325-mesh  screen 
to  reject  particles  greater  than  40  to 
50  microns  in  size,  which  are  considered 
to  have  no  pathological  significance. 
Determinations  should  be  made  within 
24  hr.  of  sampling,  because  of  the  sol¬ 
ubility  of  dusts  in  water,  as  empha¬ 
sized  in  United  States  Bureau  Mines’ 
Report  of  Investigations,  Serial  No. 
2548. 

As  only  a  small  part  of  the  sample 


is  needed  for  dust  counts,  the  remain¬ 
der  may  be  evaporated  to  determine 
the  weight  and  chemical  or  mineralogi- 
cal  properties  of  the  dust.  If  the  dust 
suspension  is  too  dense,  it  should  be 
diluted,  then  thoroughly  stirred,  and 
duplicate  1  c.c.  volumes  measured  out 
by  a  pipette,  so  as  just  to  fill  two  well- 
cleaned  Sedgwick  -  Rafter  counting 
cells,  which  receive  cover  glasses  and 
are  placed  on  the  stages  of  the  micro¬ 
scopes.  The  dilution  should  preferably 
be  great  enough  so  that  the  number  of 
particles  showing  at  one  time  in  the 
field  of  the  microscope  is  about  50  to 
75. 

A  suitable  microscope  has  an  eye¬ 
piece  magnification  of  7\  diameters,  a 
16  mm.  objective  lens,  a  tube  length  of 
178  mm.,  an  Abbe  condenser,  and  a 
Whipple  eyepiece  micrometer  scale 
which  represents  a  square  millimeter 
when  magnified  and  is  divided  into  100 
smaller  squares  (one  of  which  is  again 
subdivided  into  25  squares,  each  of 
which  has  a  side  representing  a  20-mi¬ 
cron  length).  Inasmuch  as  the  depth 
of  liquid  in  the  cell  is  1  mm.,  1  cu.mm, 
is  represented  in  the  ruled  field  and 
>t  must  be  surveyed  in  different  focal 
planes  by  raising  and  lowering  the  lens 
system.  The  “depth  of  field”  being  in¬ 


versely  proportional  to  the  magnifica¬ 
tion,  a  greater  number  of  planar  sec¬ 
tions  must  be  focused  and  counted  to 
traverse  the  1-mm.  depth  with  well  “re¬ 
solved”  images  of  minute  particles  of 
1  micron  or  less  than  would  be  re¬ 
quired  with  magnifications  suitable  for 
larger  particles. 

Frequently  the  count  is  made  with 
four  focal  adjustments.  Five  locations 
(each  a  one-fourth  field)  are  counted 
in  each  cell,  and  the  total  of  ten  counts 
(with  the  two  cells  investigated)  is 
averaged  and  the  count  of  an  unused 
control  flask  is  subtracted  for  arriving 
at  one-fourth  net  value  of  a  total  field 
of  1  cu.mm,  of  the  diluted  sample. 
Multiplying  this  value  by  ’4,000  times 
the  total  volume  in  cubic  centimeters 
of  the  diluted  sample,  and  dividing  by 
the  number  of  cubic  feet  of  air  sam¬ 
pled,  gives  the  dust  count  per  cubic 
foot  of  air. 


Before  counting  is  started,  the  dust 
is  allowed  twenty  minutes’  time  to  set¬ 
tle  in  the  cell.  An  ordinary  micro¬ 
scope-type  electric  lamp  is  used  for  il¬ 
lumination,  but  some  observers  have 
reported  that  the  visibility  of  dust  par¬ 
ticles  and  the  number  counted  in  a 
different  field  vary  greatly  with  the  in¬ 
tensity  of  illumination.  Minerals  with 
a  refractive  index  appro.ximating  that 
of  silica  are  particularly  susceptible  to 
such  errors  of  counting.  J.  W.  Fehnel 
found  that  a  modification  of  illumina¬ 
tion  by  a  plankton  or  fixed-stop  con¬ 
denser  gave  a  higher  count  and  better 
checks  than  when  the  standard  light 
field  was  employed.  Dark  field  illu¬ 
mination  is  often  preferred  to  count 
particles  of  the  finest  sizes,  but  an  ir¬ 
regular  large  particle  will  then  often 
appear  like  a  cluster  of  small  particles. 
Dr.  Greenburg  experienced  dust-count 
variations  of  several  hundred  per  cent 


because  of  failure  to  duplicate  illumi¬ 
nation  when  using  dark  ground  illu¬ 
mination,  and  found  also  that  very  shal¬ 
low  counting  cells  should  be  used.  He 
discovered,  moreover,  that  duplication 
of  the  microscopic  count  was  difficult 
for  oblique  illumination.  So  he  pre¬ 
fers  light  ground  illumination  with  an 
Abbe  condenser  and  an  iris  diaphragm 
adjusted  to  give  the  right  amount  of 
light  for  a  high  degree  of  visibility 
of  refractile  particles. 

Inasmuch  as  gravimetric  determi¬ 
nations  from  Impinger  samples  were 
easier  to  make  than  dust  counts,  J.  W. 
Fehnel  tried  unsuccessfully  to  corre¬ 
late  the  weights  and  counts  and  so 
abandoned  weight  determinations.  But 
Dr.  Charles  Badham,  of  New  South 
Wales,  is  well  satisfied  with  the  cor¬ 
relations  he  has  made  with  dust  counts 
from  the  Owens  jet  dust  sampler  and 
the  weights  obtained  with  the  Im¬ 
pinger.  He  finds  a  definite  relation  of 
count  to  weight  for  particles  in  the 
size  range  of  0.5  to  10  microns  and 
concludes  that  for  all  practical  pur¬ 
poses  the  Owens  sampler  indicates  the 
dustiness  of  the  air,  inasmuch  as  its 
efficiency  is  of  the  same  order  as  that 
of  the  Impinger.  He  plots  his  cor¬ 
relative  tests,  as  shown  on  the  accom¬ 
panying  Fig.  2,  where  Curve  A  repre¬ 
sents  experimental  results  for  the  points 
noted,  and  Curve  B  is  calculated  on  the 
assumption  of  a  size  frequency  ratio  of 
3.  He  found  the  average  ratio  between 
the  number  of  particles  in  consecutive 
1 -micron  sizes  to  be  2.96  in  19  tests. 
Particles  between  i  and  microns  are 
called  1-micron  size;  those  between  1^ 
and  2\  microns  are  tabulated  as  2-mi¬ 
crons  size,  and  so  on.  The  results  of 
the  tests  are  given  in  Table  I. 

On  the  assumption  that  ratio  of  sur¬ 
face  areas  of  particles  varies  as  the 
square  of  their  size  classification,  and 
that  their  volumes  vary  as  the  cubes  of 
their  sizes  (as  would  hold  for  spheres), 
he  also  plots  Fig.  3,  in  which  Curve  A 
represents  the  per  cent  of  the  number 
of  particles  of  any  size  in  relation  to 
the  total  number  of  particles  between  1 
to  10  microns,  inclusive,  in  size:  Curve 
B  expresses  the  per  cent  of  surface  ex¬ 
posed  by  each  size  in  relation  to  the 
total  surface  of  all  sizes  from  1  to  10 
microns,  inclusive;  and  Curve  C  rep¬ 
resents  the  per  cent  of  the  volume  (or 
weight)  of  the  particles  of  any  given 
size  in  respect  to  the  total  volume  of 
all  sizes  from  1  to  10  microns,  inclu¬ 
sive.’ 


‘See  Dr.  Charles  Badham’s  Report  Serial 
No.  12,  Dec.  31,  1927,  in  the  Industrial  Hy¬ 
giene  Section  of  Report  of  Director-General 
of  Public  Health  of  New  South  Wales. 
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Table  I — Ratios  Between  Number  of  Particles  in  Consecutive  1 -Micron  Sizes 


Slides  . - Consecutive  1-Micron  Sises- 


No.  Counted 

Place 

1:2 

2:3 

3:4 

4:5 

5:6 

6:7 

7:8 

8:9 

9:10 

4  123 

H.R.  Tunnels. . 

3.24 

3.18 

2.98 

2.95 

2.08 

4.1 

1.0 

1.1 

0.9 

Ave. 

1-7 

3.08 

4  43 

Laboratory.. . . 

2.94 

2.68 

3.53 

3.0 

3.09 

1.2 

4.0 

.83 

6.0 

Ave. 

1-8 

2.92 

II  26 

Stone  Yard.... 

3.2 

4.66 

2.24 

2.56 

2.3 

2.5 

Ave. 

1-7 

2.9 

(( 


THIS  DISCUSSION  of  devices  for  sampling  and  classifying  the 
dust  in  atmospheric  air  was  begun  by  Mr.  Tillson  in  the  July  issue, 
wherein  he  dealt  with  the  general  aspects  of  the  problems  involved 
and  described  several  kinds  of  apparatus,  including  the  sugar-tube 
sampler,  the  Owens  counter,  and  the  various  konimeters.  'The 
present  article  is  largely  devoted  to  the  Greenburg-Smith  Impinger, 
which  is  the  fruit  of  joint  studies  undertaken  in  1922  by  the  United 
States  Bureau  of  Mines  and  the  United  States  Public  Health  Service. 

The  Impinger  is  in  extensive  use  in  the  United  States. 
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From  Graph  II  it  will  be  noted  that 
two-thirds  of  all  the  particles  are  the 

1- micron  size,  and  that  22.2  per  cent 
additional  number  are  added  by  the 

2- micron  size,  making  88.87  per  cent  of 
the  total  number  of  particles  fall  in 
the  combination  of  these  two  sizes.  This 
is  pertinent  if  each  individual  particle 
is  equally  dangerous  for  initiating  a  fi- 
brotic  condition,  and  if  the  smallest  par¬ 
ticles  are  the  most  dangerous  because 
of  their  mobility  and  ready  solution. 

However,  if  fibrosis  is  chiefly  due  to 
a  chemical  reaction,  the  surface  area 
of  particles  is  most  important  and  2- 
micron  particles  are  most  pernicious, 
for  they  contribute  29.5  per  cent  of 
the  total  particle  surfaces,  whereas  1- 
micron  particles  offer  22.02  per  .cent, 

3- micron  particles  22.1,  and  4-micron 
particles  13.2,  the  four  classes  totaling 
86.82  per  cent  of  the  total  surface. 

On  the  other  hand,  if  the  quantity 
(volume  or  weight)  of  dust  is  the  most 
important  factor,  the  3-micron  particles 
contribute  more  than  any  other  size, 
with  24.5  per  cent,  although  the  2-mi- 


of  an  Impinger  tube  with  those  of  hu¬ 
man  breathing.  Estimating  the  internal 
diameter  of  the  tube  as  about  0.4  in. 
(10.2  mm.)  its  area  is  0.0008726  sq. 
ft.,  and  with  1  cu.ft.  of  air  per  minute 
passing  through  it,  the  velocity  is  1,146 
ft.  per  minute.  The  diameter  of  the 
tip  orifice  (2.3  mm.)  gives  it  an  area 
of  0.000044723  sq.ft.,  so  the  jet  velocity 
for  1  cu.ft.  per  minute  would  approx¬ 
imate  22,360  ft.  per  minute. 

At  rest,  with  quiet  respirations  of  17 
to  18  per  minute,  each  of  approximately 
a  half  liter  (30.5  cu.in),  man  breathes 
about  0.3  to  0.317  cu.ft.  of  air  per  min¬ 
ute  (8i  to  9  liters).  At  a  moderate 
rate  of  labor,  equivalent  to  walking,  his 
respiration  is  about  26  liters,  or  1  cu.ft. 
per  minute,  which  is  the  continuous  rate 
at  which  the  Impinger  samples.  How¬ 
ever,  man’s  inspiration  is  intermittent. 
The  rate  of  inhalation  is  slower  at  the 
beginning  and  end  of  inspiration  than 
it  is  at  intermediate  points  in  that  cy¬ 
cle;  periods  of  zero  flow  occur  at  the 
beginning  and  end  of  that  cycle;  and  a 
part  of  the  total  time  of  respiration  is 


Fie.  1— Lieft:  Modified  Greenburir-Smith  Impinger  ussembiy.  Right:  Design 
of  ejector-flowmeter  anlt,  inserted  in  suction  line.  Center — Details  of  Impinger 
nozzle,  oriflce  (ejector-flowmeter  unit),  and  mounting 
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cron  particles  also  supply  21.7  per  cent, 
the  4-micron  19.3,  the  5-micron  12.5, 
and  the  1 -micron  particles  only  8.1  per 
cent.  This  would  seem  to  indicate  that 
too  much  importance  should  not  be  at¬ 
tributed  to  uncorrelated  gravimetric 
dust  samples,  as  a  few  large  particles  of 
but  slight  physiological  importance  may 
exceed  in  weight  many  more  danger¬ 
ous  small  particles. 

Inasmuch  as  the  dust-transporting 
power  of  an  air  stream  depends  to  a 
major  degree  upon  its  velocity,  it  seems 
wise  to  compare  the  intake  velocities 


taken  by  the  period  of  expiration  when 
the  rate  of  exhaled  flow  varies  from 
zero  to  a  maximum  and  back  to  zero 
again.  So  it  has  been  estimated  that 


the  maximum  instantaneous  rates  of 
flow  are  at  least  four  times  the  average  ; 
rate  of  respiration.  During  labor  which  ! 
requires  exertion  equivalent  to  running, 
60  liters,  or  2.29  cu.ft.,  of  air  are 
breathed  per  minute,  and  more  severe 
exertion,  equivalent  to  swimming  in 
cold  water,  requires  90  liters,  or  3.43 
cu.ft.,  of  air  per  minute ;  while  the  max¬ 
imum  exertion  (running  up  and  down 
stairs)  for  which  such  figures  are  re¬ 
corded,  required  190  liters,  or  7.25  cu. 
ft.,  of  air  per  minute.  If  four  times 
such  figures  are  used  to  determine  the 
maximum  instantaneous  velocities  of 
inspiration,  we  would  base  the  latter 
upon  air  flows  of  4  to  9  cu.ft.  per  min¬ 
ute  for  the  usual  conditions  of  manual 
labor  and  14  to  29  cu.ft.  per  minute  for 
severe  to  violent  laboring  exertion. 

In  a  recent  anonymous  magazine  ar¬ 
ticle  the  total  area  of  both  nostril  open¬ 
ings  has  been  cited  as  0.22  sq.in.,  but 
I  have  measured  the  sectional  dimen¬ 
sions  of  the  nostrils  of  both  a  man  and 
a  woman  and  found  them  roughly  ellip¬ 
tical  with  major  and  minor  axes  of 
0.55  in.  and  0.20  in.,  so  that  their  total 
area  of  opening  was  about  0.17  sq.in.; 
and  the  velocity  of  the  air  flow  of  1 
cu.ft.  per  minute  would  be  850  ft.  per 
minute.  The  corresponding  maximum 
instantaneous  velocities  for  manual  la-  j 
bor  would  therefore  range  from  3,400  to  i 
7,650  ft.  per  minute  (or  3  to  7  time.  | 
the  velocity  of  the  air  induced  into  th.  j 
Impinger  sampler)  ;  and  for  severe  and 
violent  exertion  they  might  reach  11,- 
900  to  24,650  ft.  per  minute  (or  10  to 
21  times  the  Impinger  sampling 
velocity). 

The  magazine  article  mentioned  also 
cites  the  trachea  (windpipe)  as  hav¬ 
ing  a  diameter  of  about  1  in.,  and  there¬ 
fore  rates  the  average  velocity  of  res¬ 
piration  as  about  240  ft.  per  minute  in 
the  nostrils  and  80  ft.  per  minute  in 
the  trachea.  As  it  also  assumes  18  res¬ 
pirations  per  minute  and  30  cu.in.  per 
inhalation  (540  cu.in.  of  air  per  min¬ 
ute)  the  calculations  do  not  check. 
However,  Cunningham’s  standard  anat¬ 
omy  textbook  quotes  Lejars  as  citing 
the  following  internal  cross-sectional 
dimensions  of  the  trachea  of  a  living 
person:  11.0  mm.  anterior-posterior, 
and  12.5  mm.  transverse.  The  cross- 
section  form  is  like  a  horseshoe  with  a 
closed  flat  base  which  faces  the  esoph¬ 
agus  and  the  spinal  column.  Thus  its 
area  of  cross-section  may  be  estimated 
as  about  116.5  sq.mm.  (0.18  sq.in.)  or 
about  the  same  as  the  nostrils.  The 
passageway  of  the  trachea  is  said  to  be 
considerably  larger  in  a  dead  person. 


Table  II — Dust-Sampling  Apparatus  Compared 


-Type  of  Apparatu"* 


For  dust  counts . 

For  dust  weights . 

Large  volume  of  sample  taken . 

Efficiency  in  low  dust  concentrations.. 
E&iency  in  high  dust  concentrations. 
Control  of  errors  (contamination  and 

other  factors) . 

Portability  (light  weight) . 

Ease  of  use  (simple  technique) . 
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Sugar  Tube  Impin 
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If  the  high  incidence  of  dust  inhala¬ 
tion  proves  as  important  a  factor  in  the 
physiology  of  silicosis  as  the  author  sur¬ 
mises,  then  the  foregoing  indication  that 
the  present  design  of  Impinger  dust- 
sampling  equipment  and  technique  does 
not  duplicate  maximum  respiratory 
velocities  becomes  a  matter  worthy  of 
serious  consideration  and  investigation. 
Furthermore,  the  size  distribution  of 
dust  particles  sucked  in  by  the  constant 
velocity  Impinger  might  well  be  pre¬ 
sumed  different  than  the  size  ratios  in¬ 
haled  by  varying  velocities  of  much 
higher  and  lower  values. 

Dr.  Leonard  Greenburg  recently  ex¬ 
pressed  his  opinion  of  the  relative  mer¬ 
its  of  four  types  of  atmospheric  dust¬ 
sampling  equipment  in  the  accompanying 
concise  tabulation,  where  a  double  plus 
sign  (H — [-)  indicates  a  “very  satisfac¬ 
tory”  rating,  a  single  plus  (  +  )  means 
“satisfactory,”  and  a  minus  sign  ( — ) 
(Table  II.)  represents  “unsatisfactory.” 

He  chooses  the  Owens  for  investiga¬ 
tions  of  ordinary  industrial  atmospheres 
if  the  requirements  are  met  by  “grab” 
samples  without  gravimetric  dust  deter¬ 
minations.  But  for  samples  represen¬ 
tative  of  the  average  dustiness  of  the 
atmosphere,  and  where  the  weight  con- 


E  1,200 


=  1,000 


£  800 


600 


£  400 


200 


0.5  10  15 

Milligrams  Per  Cubic  Meter 


The  value  of  particle  size-frequency 
determinations  of  dust  samples  has  as¬ 
sumed  more  important  consideration 
than  it  did  in  the  past  when  sugar-tube 
dust  weights  and  konimeter  counts  were 
chiefly  relied  on.  In  the  United  States 
it  has  been  customary  to  classify  the 
size  of  the  particles  in  accordance  with 
their  maximum  dimension.  This  might 
be  satisfactory  with  granular  particles 
of  a  nearly  equidimensional  shape,  but 
with  long  acicular  dusts,  such  as  asbes¬ 
tos  or  the  seemingly  important  mineral 


Particle  Size  in  Microns 


particles  because  of  the  great  relative 
thickness  of  the  hairs  used.  The  ultra 
microscope  is  effective  in  detecting 
particles  as  small  as  0.2  microns,  but 
it  does  not  permit  distinction  of  dif¬ 
ferent  materials  and  may  be  deceptive 
where  irregular  crystalline  particles 
have  reflecting  projections.  The  direct 
projection  of  particle  images  upon  a 
screen  at  magnifications  of  10,000  to 
20,000  diameters,  where  it  may  be  meas¬ 
ured  by  relative  scales,  is  a  method 
now  favorably  accepted  and  generally 
used,  but  the  projection  of  particles  in 
suspension  has  not  yet  been  feasible. 

The  photographing  of  particles  at  a 
magnification  of  5,000  diameters,  so  that 
the  sizes  may  be  measured  on  the  pho¬ 
tograph,  is  faced  with  the  difficulty  of 
getting  well-defined  images  of  all  of  the 
particles  in  the  field.  But  the  photo¬ 
graphic  method  of  'Dr.  H.  A.  Green 
{Journal  of  Franklin  Institute,  1921, 
Vol.  192,  page  637)  is  favored  by  J.  W. 
Fehnel. 

The  simplified  form  of  electrical  dust 
sampler  is  illustrated  as  described  by 
Philip  Drinker  in  the  December,  1932, 
Journal  of  Industrial  Hygiene.  This 
apparatus  requires  by  trials  a  proper 
selection  of  relative  values  of  voltage, 
tube  diameter,  and  air  velocity  so  as 
to  obtain  complete  precipitation  with 
a  negligible  formation  of  nitric  acid 
with  the  ozone  corona.  Most  of  the 
dust  travels  to  the  tube  lining  of  cel¬ 
luloid,  but  some  collects  on  the  central 
wire.  After  the  sample  is  taken,  the 


Figr.  3,  Above  — 
curves  showini; 
percentage  and 
particle  size  rela¬ 
tionships  in  respect 
to  number,  surface, 
and  volume 

Fig.  2,  Left  —  Re¬ 
sults  of  correlative 
tests  made  with 
Owens  sampler  and 
Greenburg  -  Smith 
Impinger 

Fig.  4,  Right — Dia¬ 
gram  of  Drinker 
electrical  dust  pre¬ 
cipitator 


tent  of  dust  is  desired,  the  Impinger 
is  his  choice,  and  he  considers  it  the 
best  for  representative  results  with  very 
dusty  atmospheres. 

Because  of  the  unwise  tendency  to 
write  into  legislative  codes  and  rating 
schedules  definite  and  arbitrary  limits 
of  dust  counts  or  gravimetric  samples, 
it  is  necessary  to  emphasize  the  falli¬ 
bility  of  all  dust-sampling  and  dust¬ 
counting  apparatus  and  technique.  Er¬ 
rors,  hutnan  and  otherwise,  are  present 
in  the  resultant  figures,  so  such  deter¬ 
minations  should  be  employed  for  their 
relative  qualitative  value  rather  than  for 
their  absolute  quantitative  value. 


sericite,  a  classification  of  this  sort  is 
obviously  of  no  value.  New  methods 
for  classifying  by  form  factors  as  well 
as  dimensions  must  be  employed,  and 
most  of  the  accumulated  tabulations  of 
the  past  are  likely  to  lose  value  because 
of  their  lack  of  such  information.  Dr. 
Badham  estimated  his  sizes  by  com¬ 
paring  them  with  various  sizes  of  cir¬ 
cular  spots  photographed  on  the  mi¬ 
crometer  scale  in  the  ocular  of  his 
microscope.  Ruled  gratings  have  been 
reported  by  Dr.  H.  L.  Green,  of  Eng¬ 
land,  as  giving  satisfactory  results.  Di¬ 
rect  filar  micrometry  is  tedious  and 
loses  accuracy  in  measuring  very  small 


dust  is  washed  off  and  can  be  weighed 
and  counted.  Some  difficulty  may  be 
experienced  by  reason  of  the  fact  that 
dust  has  become  imbedded  in  the  cel¬ 
luloid  foil.  The  deposit  of  dust  is  not 
uniform  on  the  foil,  so  direct  observa¬ 
tions  cannot  be  made  for  dust  counts. 
Protection  against  high-voltage  shock 
is  troublesome  and  hard  to  avoid  in 
damp  working  places,  and  workmen  are 
nervous  about  having  the  apparatus 
near  them  for  that  reason.  The  rub¬ 
ber  stopper  and  coupling  tubing  are  at¬ 
tacked  by  the  nitrogenous  acids  formed. 
The  whole  unit  is  rather  heavy  to  carry 
around. 
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The  Lava  Cap  Enterprise 

Newest  Gold  Producer 


In  the  Nevada  City- Grass  Valley  District 


Old  Property  Famous  in  the 
’Seventies  and  Last  Worked 
in  1915  Is  Rehabilitated  With 
Flotation  Replacing  Amalga¬ 
mation  and  Tabling 
• 

John  IF.  Chandler 

Mining  Engineer 

Lava  Cap  Gold  Mining  Corporation, 
Xcvada  City,  Calif. 

The  property  of  the  Lava  Cap 
Gold  Mining  Corporation  is  in 
the  Nevada  City-Grass  Valley 
mining  district,  about  five  miles  east  of 
Grass  Valley,  Calif.  Inasmuch  as  a 
large  lava  flow  caps  practically  all  of 
the  property  and  a  great  deal  of  the 
surrounding  country,  the  name  “Lava 
Cap”  is  an  appropriate  one.  The 
property  consists  of  mining  claims  and 
mineral  rights  that  comprise  about 
1,000  acres  of  land.  In  this  area  lie 
two  old  gold  mines  famous  in  the 
’seventies,  the  Banner  and  the  Central. 
The  latter  is  noteworthy  because  it  is 
virtually  the  only  large  silver  producer 
in  the  district.  About  85  men  are  em¬ 
ployed  by  the  company. 

The  present  company  started  work  in 
the  spring  of  1933,  when  the  Central 
shaft  was  unwatered.  This  mine  was 
worked  last  in  1915.  The  old  work¬ 
ings  were  down  to  the  600-ft.  level  and 
disclosed  some  large  old  stopes.  Re¬ 
sults  of  a  thorough  sampling  and  sur¬ 
veying  campaign  were  so  encouraging 
that  deepening  of  the  shaft  was  decided 
upon.  Sinking  operations  started  on 
the  200-ft.  level  and  continued  to  the 
1,000-ft.  level,  or  our  present  fifth  level. 
The  upper  portion  of  the  old  shaft  was 
straightened,  enlarged  to  three  compart¬ 
ments,  and  provided  with  new  timber 
to  make  production  from  the  upper 
levels  possible.  Skip  pockets  cut  on 
every  level  are  divided  to  handle  ore 
and  waste  from  development  work.  The 
shaft  is  equipped  with  modern  electric 
signal  boxes,  lights  and  telephones. 

A  new  surface  plant  was  built  during 
the  shaft-sinking  period  to  answer  the 
demands  of  production.  It  consists  of 
a  300-ton  mill,  a  75-ft.  timber  head- 
frame,  a  hoist  and  compressor  building, 
and  a  drying  and  timber  framing  shed 


of  steel  construction.  Equipment  in¬ 
cludes  a  double-drum  Allis-Chalmers 
hoist  driven  by  a  150-hp.  motor,  and  a 
Chicago-Pneumatic  1,750  cu.ft..  Type 
CO,  two-stage  compressor  driven  by  a 
225-hp.  synchronous  motor.  The  head- 
frame  has  two  built-in  bins  of  100  tons’ 
capacity,  one  for  ore  and  the  other  for 
waste.  A  deflecting  door  facilitates 
dumping  of  the  loaded  skips  into  either 
bin  at  will. 

The  Central  veins  are  found  in  the 
Calaveras  slate  formation.  Two  veins 
exist,  which  occur  in  such  close 
proximity  to  each  other  that  they  are 
virtually  one.  They  strike  about  S.  20 


1.  100-ton  coarse-ore  bin  in  head¬ 

frame. 

2.  12x20-in.  Blake-type  jaw  crusher. 

3.  42xl6-in.  Worthingrton  spring:  rolls. 

4.  16-in.  conveyor  belts. 

5.  200-ton  fine-ore  bin. 

8.  30-in.  traveling:  belt  feeder. 

7.  Dry  reag-ent  feeder. 

8.  8x6-ft.  Marcy  ball  mill. 

9.  Model  D  Dorr  classifier. 

10.  16-in.  screw  conveyor. 


deg.  E.,  dip  on  an  average  of  50  deg.  to 
the  northeast,  and  follow  the  same  shear 
zone  through  the  slate.  One  of  them 
carries  mostly  gold  values,  whereas  the 
other  contains  mainly  silver.  An  in¬ 
trusive,  provisionally  called  latite,  is 
found  throughout  the  mine  in  the  form 
of  dikes  and  some  rather  large  masses. 
It  is  prior  to,  and  cut  by,  the  quartz, 
and  along  these  contacts  with  the  veins 
is  altered  and  so  well  mineralized  as  to 
make  a  fairly  good  grade  of  ore. 

A  major  east- west  fault  crosses  and 
cuts  the  veins  a  little  to  the  north  of  the 
present  shaft.  This  fault  has  a  horizon¬ 
tal  displacement  of  about  160  ft.  and 


11.  8x8-ft.  conditioner. 

12.  Kraut  dotation  roughers. 

13.  Kraut  dotation  cleaners. 

14.  54x8-in.  Frenier  pumps. 
16.  18xl0-ft.  Dorr  thickener. 

16.  8x6-ft.  Oliver  filter. 

17.  Concentrates  storage. 

18.  8xl0-ft.  settling  tank. 

19.  Deister  Plat-0  table 

20.  Automatic  samplers. 


i 
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Plant  of  Lava  Cap  Gold  Mining,  near  Nevada  City,  Calif. 

At  top — Headframe  and  crusher  building 
Middle — 300-ton  mill 

Bottom — Kraut  10-cell  flotation  installation  in  the  mill 


(lips  steeply  to  the  south.  In  depth  it 
splits  up  into  a  series  of  minor  fault 
planes  and  causes  a  wide  shear  zone 
through  the  slate,  in  which  segments 
of  the  vein  have  been  picked  up.  At 
the  present  time  the  best  ore  is  found  to 
the  north  of  this  fault,  where  another 
major  fracture  exists,  striking  about 
S.  60  deg.  E.  and  dipping  nearly  55  deg. 
to  the  northeast.  This  fault,  apparently 
pre-mineral  and  subsequent  to  the 


(juartz  injection,  has  had  additional 
heavy  movement,  cutting  and  shearing 
the  quartz  along  this  plane.  The  veins 
upon  coming  to  this  fault  swing  into 
and  follow  it,  making  at  this  point  a 
good  grade  of  ore.  Developments  have 
opened  up  two  rather  low-grade  ore- 
shoots  on  the  third  level,  two  on  the 
fourth  level,  and  recently  a  large,  rich 
shoot  on  the  fifth  level.  Development 
costs  are  presented  in  Table  I  (p.  364). 


Two  methods  of  stoping  are  employed, 
open-stulled  stopes  and  cut-and-fill. 
The  first  method  is  used  where  the 
vein  is  wide  enough  to  work  in,  carries 
little  waste  between  the  walls,  and  can 
all  be  mined  for  ore.  Obviously,  the 
walls  must  be  strong  enough  so  that  the 
Stulls  will  prevent  any  ground  from 
sloughing.  The  cut-and-fill  method  of 
stoping  has  proved  itself  superior  to 
the  open-stope  method,  and  is  in  gen¬ 
eral  use  throughout  the  mine.  In  a 
vein  containing  numerous  lenses  of  ore 
which  are  too  narrow  for  open-stope 
mining,  and  where  dilution  is  a  prob¬ 
lem,  it  is  a  commendable  system  of 
mining.  It  works  out  well  here,  as  the 
slate  is  badly  sheared  in  places,  the 
walls  are  weak,  and  only  with  difficulty 
can  working  conditions  be  made  safe, 
even  with  heavy  timbering.  In  the 
course  of  stoping  operations  enough 
waste  is  broken  to  just  fill  each  floor 
after  the  ore  is  extracted.  In  this  way 
only  one  section  of  ground  is  open  at 
a  time.  Broken  ore  is  hand-sorted  and 
the  waste  is  left  in  the  stope  for  fill.  In 
some  cases  selective  mining  of  the  ore 
by  stripping  is  used  to  advantage,  and 
a  very  cleanly  mined  ore  is  obtained. 
When  the  dip  of  the  vein  is  50  deg.  or 
better,  3x  12-in.  cribbing,  making  a 
chute  3  ft.  square  on  the  inside,  is  car¬ 
ried.  Where  a  chute  and  manway  are 
required,  double  cribbing  of  the  same 
size  is  used.  The  cost  of  stoping  is 
shown  in  Table  II. 

The  pumping  problem  is  not  a  serious 
one,  as  only  about  75  g.p.m.  has  to  be 
handled.  An  automatically  controlled 
Byron  Jackson  two-stage  centrifugal 
pump  is  used  as  a  station  pump  on  the 
fifth-level  station.  This  pump  has  a 
capacity  of  300  g.p.m.  when  pumping 
against  a  600-ft.  head. 

The  Banner  mine  is  about  a  mile 
north  of  the  Central  mine,  on  the  west¬ 
ern  slope  of  Banner  Hill.  This  mine 
was  operated  last  about  30  years  ago 
and  has  a  splendid  production  record  to 
its  credit.  In  size  and  extent  the  old 
stoped  areas  are  particularly  impres¬ 
sive.  The  Lava  Cap  company  un¬ 
watered  and  opened  up  the  850-ft. 
Belshaw  shaft  in  the  summer  of  1933. 
Surface  plant  consists  of  a  small  head- 
frame,  hoist  room,  blacksmith  shop, 
sawmill,  and  change  house.  Electric 
power  supplied  from  the  Central  mine 
is  used  throughout  the  mine. 

In  the  Banner  mine  the  vein  occurs 
in  slate  similarly  to  the  Central  vein.  It 
has  a  northerly  strike  and  dips  to  the 
east  at  about  50  deg.  Latite  dikes  are 
encountered,  and  their  relation  to  the 
vein  is  analogous  to  those  relationships 
found  in  the  Central  mine.  The  vein 
takes  quite  a  large  weave  through  the 
old  Banner  into  the  Belshaw  shaft,  and 
to  the  south  of  the  old  Banner  shaft,  on 
the  800-ft.  level,  the  main  vein  splits 
and  heads  toward  the  Central  mine.  The 
belief  prevails  that  the  Central  and 
Banner  are  on  the  same  vein  system. 
To  the  east,  on  Banner  Hill,  two  more 
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veins  outcrop.  A  long  crosscut  is  being 
driven  to  prospect  these  at  depth.  To 
the  south,  the  700-  and  800-£t.  levels 
have  been  advanced,  but  the  vein,  as 
disclosed,  has  been  low  grade.  Condi¬ 
tions  surrounding  the  Banner  mine 
indicate  that  with  sufficient  explora¬ 
tion  ore  will  be  developed,  and,  because 
of  the  magnitude  of  the  structure,  this 
ore  should  be  considerable. 

The  ground  between  the  Central  and 
Banner  mines  is  covered  with  a  flow  of 
lava,  and  normal  surface  indications  for 
prospecting,  such  as  vein  outcroppings, 
are  entirely  lacking.  The  veins  of  the 
Central  and  Banner  roughly  line  up 
with  each  other  and  appear  to  be  the 
same  vein  structure.  A  strong  vein 
system  is  found  west  of  the  Lava  Cap 
property,  which  is  known  as  the  Gracie- 
Glencoe- Alaska  vein ;  this  strikes  in 
such  a  manner  that  its  eastward  exten¬ 
sion  probably  intersects  with  the  Cen¬ 
tral-Banner  vein  system  midway  be¬ 
tween  the  two  mines  under  the  lava 
capping.  That  large  orebodies  exist  at 
this  point  is  probable.  With  this  in 
mind,  the  company  is  planning  to  drive 
a  tunnel  between  the  Central  and  the 
Banner,  a  distance  of  about  5,500  ft.,  to 
explore  this  territory.  The  work  will 
be  done  from  the  adit  or  first  level  of 
the  Central  and  should  arrive  at  about 
the  650-ft.  level  in  the  Banner. 

In  the  past  the  “old-timers”  operating 
the  Central  mine  depended  upon  the 
conventional  stamp  battery  and  amalga¬ 
mation  plates,  followed  by  tables,  for 
the  recovery  of  the  gold  and  silver  in 
their  ores.  Extraction  on  the  plates, 
owing  to  the  large  amount  of  sulphides 
present,  was  poor.  Most  of  the  silver, 
amounting  to  several  ounces  per  ton  in 
the  form  of  argentite,  was  lost  over  the 
plates  and  tables.  The  Lava  Cap  com¬ 
pany,  after  considerable  investigation, 
decided  to  concentrate  the  sulphides  and 
free  gold  by  means  of  flotation.  Ac¬ 
cordingly,  erection  of  a  300-ton  mill 
was  decided  upon,  and  construction 
started  the  middle  of  September,  1933. 
Early  in  December  it  was  completed, 
and  operation  began  Jan.  1,  1934.  Since 
then  the  mill  has  been  running  on  a 
one-shift  basis,  treating  about  100  tons 
of  ore  daily. 

All  mill  excavations  were  made  to 
solid  rock.  The  floor,  retaining  walls, 
and  machinery  foundations  are  all  of 
reenforced  concrete.  The  mill  building 
proper,  covering  an  area  of  82x93  ft., 
is  a  wooden  structure  covered  with  cor¬ 
rugated  iron  plates.  The  coarse-crush¬ 
ing  plant  is  separate  from  the  mill 
building  and  adjoins  the  headframe. 

Material  treated  by  the  mill  consists 
of  a  gold-silver  ore,  with  the  ratio  of 
gold  to  silver  varying  widely  through¬ 
out  the  mine.  Some  of  the  ore  will 
assay  up  to  500  oz.  of  silver  per  ton. 
A  large  amount  of  slate  is  sent  to  the 
mill  containing  quartz  stringers  in  con¬ 
junction  with  a  black,  greasy-looking 
slate,  generally  called  a  “graphitic 
slate.”  The  latter  material  is  not,  in 


the  strict  sense,  graphitic,  but  is 
formed  on  fault  planes  where  movement 
has  given  it  that  appearance.  In  reality 
it  is  a  carbonaceous  slate  or  argillite. 
Free  gold  occurs  finely  disseminated 
through  the  quartz  and  base-metal  sul¬ 
phides.  The  sulphides  closely  asso¬ 
ciated  with  the  gold,  in  the  order  of  their 
importance,  are :  pyrite,  arsenopyrite, 
and  galena.  Silver  occurs  in  the  ore 
as  argentite  and  is  invariably  found 
associated  with  sphalerite.  Proustite  is 
also  identified,  but  is  of  rare  occurrence 
as  an  ore. 

After  passing  through  8-in.  grizzlies 
in  the  mine,  the  ore  is  hoisted  in  2-ton 
skips,  which  dump  into  the  100-ton 

Table  I — Cost  of  Drifting  and  Crosscutting 
for  April,  1934 
Footage:  1,688 


Distribution: 

Labor . 

Compensation  insurance . 

Explosives . 

Carbide  and  timber . 

Sundry  supplies  and  expenses. 

Power . 

Assaying . 

Shops . 

Maintenance  charges . 


Cost 
per  Foot 


Table  II — Cost  of  Stoping  for  April,  1934 
Tons  mined:  2,644 

Cost 
per  Foot 

Distribution: 

Labor .  $1,418 

Explosives .  0.208 

Compensation  insurance .  0.152 

Carbide  and  lumber .  0.098 

Sundry  supplies  and  expenses .  0.030 

Power .  0.185 

Assaying . .  0.019 

Shops .  0.022 

Maintenance  charges .  0.  304 


Table  Ilf — Assay  of  Screen  Analysis  of 
Classifier  Overflow,  May,  1934 
Per  Cent  Cumula- 

on  tive  per  Ounces 


Screen  Size 

On  60  mesh . 

On  80  mesh . 

On  1 00  mesh . 

Through  1 00  mesh . . 


on 

'Screen 
/  2.2 
7.1 
17.7 
73.0 


Ounces 
Au  Ag 
0.14  0.54 
0.04  0.64 
0.08  1.26 
0.25  4.03 


Table  IV — Assay  Screen  Analysis  of  Tailing, 
May,  1934 


Per  Cent 

Cumula- 

on 

tive  i)er 

Ounces 

Screen  Size 

Screen 

Cent 

Au 

Ag 

On  60  mesh . 

5.7 

5.7 

0.01 

0.71 

On  80  mesh . 

20.9 

26.6 

0.02 

0.54 

On  100  itaesh . 

25.9. 

52.5 

0.02 

0.51 

Through  100  mesh.'. 

47.5 

100.0 

0.03 

1.06 

Table  V — Milling  Costs  for  April,  1934 
Dry  tons  treated:  2,529 

Cost  per 

.  Dry  Ton 

Treated 

Distribution: 

Labor .  $0,185 

Compensation  insurance .  0.008 

Steel  balls .  0.117 

Chemicals  and  supplies .  0.141 

Power .  0.194 

Assaying .  0.020 

Surface  maintenance  charges .  0.009 


Table  VI — ^Mill  Operating  Data 
For  May,  1934 

Tons  milled .  2,846 

Average  heads,  current  price  of  metals .  $10.96 

Average  tails,  current  price  of  metals .  $1.15 

Per  cent  extraction .  90.5 

Tons  of  concentrate  produced .  286. 4 

Average  value  of  concentrate  per  ton .  $  1 0 1 . 30 

Ratio  of  concentration .  10.2:1 


Storage  bin,  forming  an  integral  part 
of  the  headframe.  From  here  it  is  fed 
to  a  12x20-in.  Blake-type  crusher,  set 
to  3  in.,  which  discharges  the  crushed 
ore  upon  a  16-in.  belt  conveyor,  feeding 
a  set  of  42xl6-in.  Worthington  spring 
rolls.  The  1-in.  roll  product  passes  over 
a  second  16-in.  belt  conveyor  to  the 
200-ton  fine-ore  storage  bin  at  the  head 
of  the  mill  building.  Next,  a  30-in. 
traveling  belt  feeder  and  a  short  16-in. 
belt  conveyor  feed  the  contents  of  the 
bin  to  an  8x6-ft.  Marcy  ball  mill,  op¬ 
erating  in  closed  circuit  with  a  Model 
D  8x20-ft.  duplex  Dorr  classifier.  The 
overflow,  a  90  per  cent  minus  80-mesh 
product,  passes  to  an  8x8-ft.  conditioner 
tank  of  the  Devereux  type,  and  the  sands 
return  via  a  16-in.  screw  conveyor  to 
the  ball  mill.  From  the  conditioner  the 
pulp  goes  to  a  ten-cell  Kraut  rougher 
machine.  Concentrates  from  the  six 
center  cells  flow  to  a  two-cell  Kraut 
cleaner  machine,  and  the  overflow  of 
the  first  two  cells,  together  with  the 
cleaner  concentrate,  and  the  product  of 
the  last  two  rougher  cells,  together 
with  the  cleaner  middling,  are  pumped 
by  two  54x8-in.  Frenier  pumps  to  an 
18xl0-ft.  Dorr  thickener  and  to  the 
head  of  the  rougher  machine,  respec¬ 
tively.  A  small  split  cut  is  taken  of  the 
tailing  from  the  rougher  machine,  which 
cut  is  fed  over  a  Deister  Plat-0  table. 
This  table  serves  as  a  pilot  table  to  give 
a  visual  check  on  flotation  operations. 
All  tailings  are  impounded  in  a  dam 
below  the  mill. 

Thickened  concentrate  flows  by 
gravity  to  a  6x6-ft.  Oliver  filter,  which 
discharges  the  cake  upon  a  storage  plat¬ 
form.  Here  it  is  weighed  and  shipped 
by  truck  to  the  Selby  plant  of  the  Ameri¬ 
can  Smelting  &  Refining  Company. 
Overflow  from  the  Dorr  thickener  goes 
to  an  8xl0-ft.  settling  tank.  Accumu- 
lateed  sludge  is  dried  in  open  air  vats, 
and  the  overflow  returns  to  a  pond  be¬ 
hind  the  mill. 

Four  samples  are  taken  regularly  in 
the  course  of  operations.  The  heads, 
tailing,  and  concentrate  are  cut  auto¬ 
matically.  A  tipping  water  box  sampler 
cuts  the  tailing  sample.  When  this 
sampler  makes  a  cut,  it  closes  an  elec¬ 
tric  contact  interconnected  with  the 
solenoids  controlling  the  other  two 
samplers.  Upon  contact,  these  solenoids 
pull  the  cutters  through  the  streams, 
after  which  operation  counterweighted 
arms  return  them  to  their  original  posi¬ 
tion.  The  three  samplers  cut  every  12 
min.,  the  time  interval  being  controlled 
by  the  amount  of  water  fed  to  the  water 
box  sampler.  A  tonnage  sample  is 
taken  manually  every  two  hours  from 
the  conveyor  belt  feeding  the  ball  mill. 
The  amount  of  feed  taken  from  the  belt 
with  the  aid  of  a  deflector  during  five 
seconds  is  weighed,  and  the  weights  are 
then  multiplied  by  factors  giving  tons 
per  hour  and  tons  per  shift. 

The  ball  mill  is  a  direct-connected 
unit  with  a  herringbone  gear  drive,  con¬ 
taining  a  ball  charge  of  12  tons.  Four- 
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inch  chillea-steel  balls  are  fed  at  a  rate 
of  about  2i  lb,  per  ton  of  ore  treated. 
The  liners  are  grouted  in  and,  owing  to 
this  feature,  the  chance  of  coarse  free 
gold  staying  in  the  mill  is  remote.  A 
typical  screen  analysis  of  the  classifier 
overflow  is  given  in  Table  III. 

The  metallurgy  has  not  been  worked 
out  completely  as  yet,  because  of  the 
extremely  variable  ore  received  at  the 
mill.  In  the  old  stopes  the  ore  was  more 
or  less  oxidized,  and  in  the  upper  levels, 
particularly  in  the  south  end  of  the 
mine,  considerable  ore  found  was  made 
up  principally  of  stringers  of  quartz  in 
latite.  As  the  predominating  sulphide 
in  the  latite  was  arsenopyrite,  it  raised 
the  percentage  of  arsenic  in  the  con¬ 
centrates  to  12  per  cent.  Ore  from 
newly  developed  stopes  has  decreased 
the  arsenical  content  to  about  4  per 
cent.  The  most  serious  problem  con¬ 
fronting  the  flotation  plant  is  the 
presence  of  carbonaceous  material  in 
the  slate,  which  results  in  a  low  ratio 
of  concentration.  Slate,  being  meta¬ 
morphosed  argillaceous  mud,  displays 
all  of  the  characteristics  of  mud.  Slime 
on  being  ground  in  the  mill  acts 
similarly  to  other  primary  sliming 
minerals,  such  as  talc  and  kaolin,  in  that 
it  carries  a  high  tailing  loss  and  makes 
a  dirty  concentrate.  When  carbon¬ 
aceous  material  or  “graphite”  is  added 
to  the  mill  feed,  a  condition  of  excessive 
frothing  occurs  in  the  flotation  cells. 
The  bubbles  are  very  tough  and  hard  to 
break  up.  This  condition  is  being  cor¬ 
rected  by  the  use  of  soluble  starch. 

A  study  of  the  assay  screen  analysis 
of  the  tailing  (see  Table  IV)  shows  that 
most  of  the  silver  is  in  the  minus  100- 
mesh  material,  and  experience  has 
shown  that  most  of  this  is  in  the  slime. 

The  settling  rate  of  the  concentrate 
is  very  slow,  requiring  a  settling  area 
several  times  the  normal  amount  ordi¬ 
narily  needed  for  concentrate.  The 
present  thickener  is  inadequate  to  handle 
all  concentrate  produced  at  the  mill. 
To  solve  this  problem,  another  24-ft. 
thickener  is  being  installed.  The  over¬ 
flow  of  the  present  thickener,  owing  to 
the  tough  froth  remaining  at  the  top  of 
the  tank,  is  sent  to  a  settling  tank  to  pre¬ 
vent  losses  of  concentrate  from  this 
source.  In  general,  the  slate  is  heavily 
mineralized  with  pyrite,  which  is  value¬ 
less.  These  barren  sulphides  find  their 
way  into  the  concentrate  and  result  in  a 
low  ratio  of  concentration.  Cleaner 
mining,  made  possible  by  the  cut-and- 
fill  method  of  stoping,  has  aided  greatly 
in  reducing  the  bulk  of  “graphite”  and 
barren  sulphides  in  the  ore,  and  has  im¬ 
proved  flotation  results. 

Another  problem  which  caused  some 
trouble  was  the  sliming  of  the  silver  ore 
when  finer  grinding  to  liberate  the  gold 
values  was  employed.  To  prepare  this 
slimed  silver  for  flotation  takes  a  con¬ 
siderably  longer  time  than  does  the  gold. 
The  conditioner  has  helped  to  solve  this 
by  providing  the  time  needed  to  float 
the  pulp.  At  present  a  Denver  Suh-A 
500  flotation  cell  is  being  installed  to 


treat  the  ball-mill  discharge.  The  min¬ 
erals  will  be  taken  out  of  the  grinding 
circuit  as  soon  as  liberated  and  sent  to 
the  concentrate  thickener.  Tailing  from 
this  machine  will  return  to  the  classifier. 
A  trap  is  provided  in  the  bottom  of  the 
cell  to  prevent  free  gold  from  re-enter¬ 
ing  the  ball-mill  circuit.  Installation  of 
this  unit  will  probably  improve  silver 
recovery,  lighten  the  load  on  the  present 
set  of  flotation  cells,  and  reduce  over¬ 
grinding  to  a  minimum. 

Copper  sulphate  and  soda  ash  are  fed 
dry  to  the  ball  mill  by  a  belt  feeder  con¬ 
nected  directly  to  the  ore  feeder.  Thus  a 
proper  balance  between  feed  and  reagent 


is  assured  at  all  times.  Sodium  sulphide 
is  used  as  a  conditioner  and  is  fed  to  the 
ball  mill.  Amyl  pentasol  xanthate  and 
butyl  secondary  xanthate  are  used  as 
promoters  and  are  added  both  at  the 
head  and  at  the  fifth  cell  of  the  rougher 
machine.  Pine  oil  is  fed  at  the  head 
and  at  the  sixth  cell  of  the  rougher  ma¬ 
chine.  Soluble  starch  is  added  at  the 
head  of  the  rougher  machine.  Mill 
operating  data  for  the  month  of  May 
are  presented  in  Table  VI. 

In  closing  I  wish  to  express  to  Ottc 
E.  Schiffner,  general  manager,  and 
others  of  the  staff,  my  appreciation  for 
their  assistance  in  preparing  this  article. 


Dragline  and  Stacker  Scow 

Handling  1,500  Cu.Yd.  Per  24-Hr.  Day  on  Montana  Placer 


For  several  months,  Wins¬ 
ton  Bros.  Company,  of  Minneapolis, 
Minn.,  has  been  engaged  in  recovering 
placer  gold  in  Prickly  Pear  Creek,  near 
East  Helena,  Mont.  The  overburden 
upon  bedrock  averages  about  20  ft.  in 
thickness  and  consists  of  sand  and 
gravel,  the  latter  varying  in  size  from 
i  in.  to  boulders  12  to  20  in.  in  diameter. 
The  topmost  6  or  7  ft.  of  overburden 
does  not  contain  gold,  so  it  is  wasted. 
Where  the  bedrock  consists  of  clay  ma¬ 
terial  which  can  be  excavated,  gold  re¬ 
covery  has  been  satisfactory.  Where 
none  of  it  can  be  taken  up,  because  of  its 
hardness,  it  is  difflcult  to  get  any  gold. 

Prickly  Pear  Creek  carries  water  the 
year  round,  and  the  excavation  is  per¬ 
formed  in  from  12  to  15  ft.  of  water. 
The  sand  and  gravel  are  excavated  with 
a  3-T  Monighan  dragline,  equipped 
with  a  70-ft.  boom  and  3-cu.yd.  bucket, 
and  are  loaded  into  the  hopper  of  an 
Empire  stacker  scow,  a  gravel-screen¬ 
ing  device  which  separates,  by  means  of 
a  rotary  screen,  the  sand  and  gravel 
from  the  gold  and  black  sand.  The 
metal  and  the  sand  are  recovered  by 
riffles  located  on  each  side  and  under 
the  screen.  A  belt  conveyor  takes  the 
sand  and  gravel,  or  cargo,  as  it  is  called, 
from  the  lower  end  of  the  screen  to  the 
tailings  pile.  The  screening  device  is 


mounted  on  three  scows,  which  float  in 
a  pond  immediately  behind  the  dragline. 
The  pond  is  maintained  by  throwing  up 
a  series  of  dams  made  from  the  tailipgs 
as  the  operation  moves  along  the  creek. 

The  dragline  is  driven  by  a  Fairbanks- 
Morse  diesel  engine.  Pumps  and  screen 
on  the  stacker  scow  are  motor-driven, 
power  for  the  motors  being  secured 
from  a  near-by  line  of  the  Montana 
Power  Company.  The  stacker  scow  uses 
about  3,500  gal.  of  water  per  minute. 
This  is  played  upon  the  sand  and  gravel 
which  is  dumped  into  the  hopper,  the 
water  carrying  it  into  the  revolving 
screen  and  also  flowing  over  the  riffles. 
At  the  rear  end  of  the  scow  the  water  is 
discharged  into  the  pond. 

The  operation  is  carried  on  24  hours 
per  day,  five  days  per  week.  All  hours 
of  labor  and  wage  scales  are  in  compli¬ 
ance  with  the  NRA.  The  operation  re¬ 
quires  two  men  on  the  dragline,  four 
on  the  stacker  scow,  and  one  foreman 
per  shift,  as  well  as  a  superintendent 
and  a  clerk.  About  1,500  cu.yd.  of  ma¬ 
terial  are  run  through  the  stacker  scow 
each  24  hr.  Delays  occasioned  by  break¬ 
downs  in  the  excavating  or  the  screen¬ 
ing  and  washing  equipment  have  not 
been  serious.  Aside  from  a  ten-day 
shutdown  last  winter  for  general  repairs, 
no  time  was  lost  because  of  cold  weather. 
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Removal  of  Arsenic 

From  Lead  Blast-Furnace  Charge 

By  Roasting 

Will  Save  Re- treatment  of  Subsequent  Products 


^RSENIC  that  finds  its  way  into  the 
/A  lead  blast  furnace  must  be  re- 
-^moved  as  fume,  as  speiss,  or  in 
the  bullion,  and  each  of  these  products 
must  in  consequence  be  re-treated.  Re¬ 
moval  of  the  arsenic  before  the  charge 
is  sent  to  the  blast  furnace  is  there¬ 
fore  desirable.  The  best  point  of  exit 
seems  to  be  during  roasting  at  the  lead 
plant,  because  arsenic  so  removed  can 
be  condensed,  purified,  and  prepared 
for  sale.  At  least  it  will  be  removed 
definitely  from  the  circuit. 

In  most  lead  plants  arsenic  is  re¬ 
moved  incompletely  during  roasting  and 
sintering,  and  yet  few  data  are  avail¬ 
able  in  the  literature  concerning  the 
conditions  under  which  it  is  best  vola¬ 
tilized.  The  work  here  reported  was 
done  to  help  meet  this  deficiency. 

Inasmuch  as  perhaps  95  per  cent  of 
the  blast-furnace  feed  may  be  sinter, 
a  definite  knowledge  of  the  properties 
of  arsenical  ores  and  compounds  which 
go  into  the  roaster  and  sinter  feeds  is 
of  value. 

Lead  smelters  obtain  their  arsenic 
from  ores  and  concentrates,  as  well  as 
from  flue  dusts  shipped  from  other 
plants,  particularly  copper  smelters.  The 
percentage  of  arsenic  in  ores  is  usually 
low,  although  occasionally  lots  of  highly 
arsenical  products  are  smelted.  These 
crude  ores  may  be  sulphides,  as  arseno- 
pyrite  (FeAsS),  or  oxides,  like  scoro- 
dite  (Fe2Oj.AsjO6.4HjO),  that  carry 
gold  or  lead  minerals.  Arsenopyrite 
ores  are  easy  to  roast;  in  local  practice 
about  98  per  cent  of  the  arsenic  is  nor¬ 
mally  removed.  The  simple  sulphides, 
orpiment  and  realgar  (AsjSjandAsjSj), 
sublime  readily.  It  is  not  hard  to  roast 
arsenic  from  scorodite  ores,  but  they 
usually  require  special  treatment,  such 
as  mixing  with  pyrite.  The  boiling 
point  of  the  trioxide  (AsjOj)  is  only 
355.8  deg.  C. 

The  small  amount  of  arsenic  in  the 
original  ores  received  is  greatly  in¬ 
creased  by  a  circulating  load  of  arsenic 
in  secondary  products  that  are  re¬ 
published  by  permission  of  the  Director, 
U.  S.  Bureau  of  Mines.  (Not  subject  to 
copyright. ) 
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smelted  for  their  lead  or  precious 
metals. 

More  important  than  the  arsenic 
present  directly  in  the  concentrates 
treated  is  that  in  fumes.  These  fumes 
and  dusts  may  originate  in  the  blast 
furnace  or  sinter  plant  of  the  lead 
smelter,  or  may  come  from  a  copper 
smelter  as  lead-bearing  converter  fume 
or  roaster  dust.  Thus  the  lead  smelter 
not  only  must  treat  its  own  arsenic,  but 
is  compelled  also  to  handle  that  from 
some  copper  and  perhaps  other  lead 
plants. 

Where  copper  and  lead  plants  ex¬ 
change  products,  each  plant  may  be 
forced  to  re-treat  part  of  the  arsenic 
that  it  had  shipped  outside  its  own 
confines.  Speiss  from  the  lead  blast 
furnace  contains  chiefly  iron  and 
arsenic,  with  some  lead,  copper,  sulphur, 
and  often  appreciable  amounts  of  gold 
and  silver.  If  its  copper  content  is 
sufficient,  this  speiss  may  be  sent  to 
the  copper  smelter,  where  it  is  usually 
treated  in  the  converter  and  the  copper 


Under  what  conditions  is  the 
arsenic  best  volatilized  ?  Joint 
research  conducted  at  Salt 
Lake  City  indicates  a  more 
effective  procedure. 


separated  as  blister.  Much  of  the 
arsenic  and  most  of  the  lead  are  re¬ 
covered  as  converter  fumes  and  are 
sent  back  to  the  lead  plant  with  per¬ 
haps  other  arsenical  products  accumu¬ 
lated  from  copper  ores.  The  amount 
of  arsenic  recirculated  by  the  copper 
smelter  depends  upon  the  system  em¬ 
ployed  to  catch  dust.  Most  of  the  lead 
in  the  converter  slag  is  lost  when  the 
latter  goes  back  to  the  reverberatory. 

Some  of  the  arsenic  charged  into  the 
blast  furnace  goes  into  the  lead  bullion, 
which  often  contains  0.05  to  0.20  per 
cent  of  this  contaminant.  Where  the 
smelter  has  its  own  softening  plant, 
much  of  the  arsenic  is  returned  to  the 
blast  furnace.  On  partly  dressing  the 
lead  bullion,  as  done  in  some  lead 
smelters,  arsenic  is  removed  with  the 
copper  and  finally  obtained  as  a  speiss 
or  matte,  which,  with  its  40  per  cent  or 
more  of  copper,  usually  contains  about 
20  per  cent  lead.  At  the  copper  plant 
the  arsenic  and  lead  are  volatilized  in 
the  converters  from  these  products, 
which  originated  as  drosses  skimmed 
from  the  bullion,  as  well  as  from  blast¬ 
furnace  mattes,  and  are  returned  as 
fume  to  the  lead  smelter.  Thus  both 
the  blast-furnace  and  drossing-furnace 
speisses  and  mattes  form  a  circulating 
load  that  must  be  transported  and 
treated.  Such  a  load  is  far  from  profit¬ 
able  for  any  of  the  smelters. 

It  is  generally  known  that  arsenic  it¬ 
self,  or  AsjOj,  is  easily  volatilized, 
while  to  remove  it  when  present  as 
arsenates  is  more  difficult. 

The  gases  leaving  the  top  of  lead 
blast  furnaces  at  some  plants  are 
strongly  reducing.*  Arsenical  com¬ 
pounds  may  then  be  reduced  in  the 
upper  part  of  the  smelting  column. 
Iron  is  suppKjsed  to  aid  in  this  reduc¬ 
tion.  However,  the  arsenic  that  is  not 
reduced  and  volatilized  in  the  upper 
part  of  the  furnace  sinks  deeper,  and, 
under  still  more  strongly  reducing  con¬ 
ditions,  forms  speiss  or  arsenides. 

»01drlght,  G.  L.,  and  Miller,  V.:  "Smelt¬ 
ing  In  the  Lead  Blast  Furnace.  II,  The 
Gases  from  the  Top  of  the  Lead  Blast  FHir- 
nace.”  U.  S.  Bureau  of  Mines,  Report  of 
Investigations,  2957,  August,  1929;  pp.  17. 
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Arsenic  present  as  AsaO*  may  be 
easily  changed  to  the  AsjOs  form.  At 
one  plant  flue  dusts  containing  arsenic 
only  as  AsaOi  were  roasted;  the  roasted 
product  contained  30  per  cent  of  the 
amount  of  the  arsenic  originally 
present,  but  all  of  it  was  in  the  ASiO* 
form.  Pyrite  and  coke  have  been  added 
to  the  roaster  charge  to  aid  in  re¬ 
moving  arsenic,  but,  in  general,  the 
ideas  concerning  the  functions  of  these 
added  reducers  are  rather  vague. 

Not  much  arsenic  is  removed  by  the 
Dwight-Lloyd  machine  when  operated 
to  give  highly  oxidizing  conditions,  as 
in  normal  practice.  Probably  much  of 
the  arsenic  in  sinter  is  present  as 
arsenate.  The  fact  that  more  arsenic  is 
volatilized  in  sintering  when  coke  is 
added  to  the  charge  may  be  due  in  part, 
however,  to  the  greater  porosity  given 
to  the  cake.  The  following  experi¬ 
mental  work  deals  with  some  of  the 
mechanical  as  well  as  chemical  factors 
that  influence  volatilization. 

Experimental  Results 

Roasting  tests  were  made  in  an  elec¬ 
trically  heated  tube  furnace  to  deter¬ 
mine  the  removability  of  arsenic  from 
its  compounds  as  well  as  from  ores  and 
other  products.  A  large  amount  of  air 
was  used  in  all  tests.  Temperatures 
were  read  by  a  thermocouple  and  con¬ 
trolled  by  a  rheostat  at  the  points  noted. 
The  products  tested  and  percentages  of 
arsenic  remaining  in  or  removed  from 
each  are  shown  in  the  accompanying 
tables. 

The  following  conclusions  may  be 
drawn  from  these  tests :  In  a  strong 
current  of  air  arsenic  may  be  readily 
volatilized  from  pure  As,0,  or  simple 
sulphides  when  they  are  in  a  porous 
state  or  even  when  the  temperatures 
are  such  that  they  are  fused.  Where 
sulphur  and  arsenic  are  present  with  a 
base,  arsenic  volatilizes  less  easily.  The 
rate  of  volatilization  from  arsenates  is 
still  slower — the  stronger  the  base  the 
slower  the  rate  of  volatilization. 

Pyrite  and  Carbon 

As  noted  previously,  it  is  customary 
at  smelters  to  add  pyrite  to  the  roaster 
charge  to  facilitate  roasting  in  general 
and  remove  arsenic.*  Pyrite,  besides 
furnishing  fuel,  seems  to  enter  in  some 
way  into  the  reactions  involved  in  re¬ 
moving  the  arsenic.  This  effect  has 
been  attributed  partly  to  the  action  of 
sulphur  itself’  and  partly  to  the  action 
of  SOj,  although  Dice,  of  the  Utah 
Engineering  Experiment  Station,  found 
that  SOj  had  no  effect  on  speiss. 

In  an  inert  atmosphere  of  nitrogen 
or  carbon  dioxide  arsenic  can  be  re¬ 
moved  by  heating  with  pyrite,  volatile 


•Lane,  H. :  “Metallurgy.”  McGraw-Hill 
Book  Company,  Inc.,  New  York,  Vol.  1, 
1911,  p.  14S.  Hofman,  H.  O. :  "General 
Metallurgy,”  McGraw-Hill  Book  Company, 
Inc.,  1913,  p.  408. 

•Tafel  and  Loose:  “Reactions  In  the  Re- 
nioval  of  Arsenic  from  Speiss,  Etc.”  Metall. 
u»d  Erz,  28,  422  (1931). 


sulphides  apparently  being  formed. 
Sulphur  vapor  seems  to  be  the  active 
reagent,  particularly  with  arsenates, 
although  Dice  noted  that  pyrite  also 
aids  in  removing  arsenic  from  speiss. 
The  final  product  volatilized  in  the 
presence  of  air  will  usually  be  As,0,. 
When  arsenates  are  heated  with  sulphur 
vapor  in  the  presence  of  air,  some  of 
the  arsenate  may  be  reduced  directly 
and  the  bond  connecting  the  arsenic 
to  the  base  so  weakened  that  the 
trioxide  will  volatilize.  The  difference 
(noted  later)  in  the  amounts  of  arsenic 
volatilized  from  ferric  arsenate  by 
gases  containing  CO  plus  COi  and 
sulphur  vapor  would  indicate  that  sul¬ 
phur  may  assist  arsenic  to  volatilize  by 
other  mechanisms,  such  as  the  formation 
of  volatile  sulphides,  or  by  combining 
with  bases  in  such  a  way  as  to  liberate 
the  arsenic. 

The  boiling  point  of  sulphur  is  444.6 
deg.  C. ;  the  partial  pressure  of  sulphur 
vapor  under  the  surface  of  the  charge 
at  the  temperature  employed  in  roast¬ 
ing  would  seemingly  be  appreciable 
even  if  a  large  quantity  of  air  at 
atmospheric  pressure  were  passed  over 
the  charges. 

Coal  or  coke  is  sometimes  used  as  a 
substitute  for  pyrite  to  aid  in  the  re¬ 
moval  of  arsenic.  A  temperature  above 
some  900  deg.  C.  is  necessary  to  burn 
coke  with  a  commercial  degree  of  speed. 
This  fact,  together  with  the  concentra¬ 
tions  of  CO  at  various  temperatures  for 
the  equilibrium  2CO  =  C  COj,  and 
the  volume  of  air  used  in  the  tests, 
would  make  it  improbable  that  the  CO 
gas  resulting  from  coke  in  the  charge 
would  be  reducing  at  temperatures  be¬ 
low  900  deg,  or  perhaps  1,000  deg.  C. 
Charcoal  heated  in  air  will  evolve  re¬ 
ducing  gases  at  lower  temperatures. 
The  fuel,  however,  burns  somewhat  too 
rapidly  for  the  purposes  of  a  test,  par¬ 


ticularly  at  temperatures  above  800 
deg.  C. 

Tests  made  with  powdered  charcoal 
and  coke  are  intended  to  indicate  the 
temperature  at  which  carbon  in  this 
form  would  begin  to  cause  arsenic  to 
volatilize  and  are  not  designed  to  show 
what  would  happen  if  arsenates  were 
heated  with  large  amounts  of  coke  for 
a  prolonged  time  at  temperatures  above 
900  deg.  C. 

Results  of  roasting  various  pure 
arsenates  and  similar  materials  with 
pyrite  are  shown  in  Table  II,  and  with 
carbon  in  Table  III. 

Table  IV  shows  what  happens  to 
ferric  arsenate  when  it  is  heated  with 
charcoal,  the  reducing  conditions  being 
dependent  upon  the  equilibrium  be¬ 
tween  C,  COi,  and  CO,  and  when  the 
same  arsenate  is  heated  with  gases  con¬ 
taining  various  percentages  of  CO  and 
COj.  These  tests  were  likewise  made 
by  heating  the  compound  in  a  tube  fur¬ 
nace  and  passing  the  desired  gases  over 
the  charge  under  the  conditions  noted. 
The  figures  in  Table  IV  were  taken 
from  the  work  of  Russian  investiga¬ 
tors*  who  were  experimenting  on  meth¬ 
ods  to  remove  arsenic  from  iron  ores. 

By  adding  pyrite  or  coke  to  the 
roaster  charge  arsenic  may  be  vola¬ 
tilized  from  the  arsenates  likely  to  be 
present  in  smelter  products,  except  cal¬ 
cium  arsenate.  As  in  roasting  with¬ 
out  pyrite,  the  stronger  the  base  of  the 
arsenate  the  more  difficult  it  is  to  vola¬ 
tilize  arsenic.  When  other  experi¬ 
menters  used  reducing  gases  formed 
outside  the  charge  to  reduce  ferric 
arsenate,  the  amount  of  arsenic  vola¬ 
tilized  was  comparable  in  order  of 
magnitude  to  that  involved  when  char- 


‘Pogodin,  S.  A.,  Zvyogin,  A.  A.  Lifshitz, 
E.  Ya.,  and  Jems-Levi,  M.  Ya:  Soobshchen- 
lya  Vsesoyuznogo.  Inst,  of  Metals  No.  3-4, 
1931. 


Table  I — Mixtures  of  Arsenic  Compounds  With  Silica 
Roasted  in  Air  for  Thirty  Minutes 


SiOj  in  .\8  in 

Arsenical  Mixture.  Mixture,  . - Arsenic  in  Calcine,  per  Cent,  After  Heating  to - . 

Compound  per  Cent  per  Cent  200®  300°  400°  500°  600°  700°  800°  900°  1,000° 


AsjOi .  50  37.9  19.0  0.13 

AsS .  80  13.44  13.38  8.14 

AsjSj .  67  17.94  17.4  12.55 

FeAsS .  50  17.4  17.4 

CujAsSi .  0  17.0  14.2 

PbifAsOdi....  80  3.86  .  3.86 

CaifAsOdi....  50  17.2  17.2 

FeAs04.2Hj0..  0  28.4  . 


0.0 

1.51 

0.0 

•  •  •  • 

4.50 

0.13 

0.0 

•  •  • 

16.9 

2.9 

0.7 

0.3 

0.3 

0.0 

6.2 

4.1 

3.3 

0.74 

0.87 

0.64 

0.0 

3.81 

3.75 

3.75 

3.75 

3.75 

3.50 

3.11 

17.2 

15.9 

16.0 

15.0 

14.1 

12.9 

II.  1 

31.46 

31.53 

32.46 

19.83 

Table  II — Mixtures  Containing  Pyrite  Roasted  for  Thirty  Minutes  in  Air 

Arsenic  in 

Mixture,  - - Arsenic  in  Calcine,  i>er  Cent,  After  Heating  to - . 

Mixture,  per  Cent  per  Cent  300°  400°  500°  600°  700*  800°  900*  1,000° 

AsS,  5; pyrite,  95;  SiOi,  0 .  5.2  0.56  0.19  0.0  . 

Pbi(A8O4)i.20;pyrite33:8iOj,47...  3.86  3.86  3.70  1.70  0.4  0.2  0.0  . 

Caj(A8O4)j,50:pyrite25;SiOi.25...  15.7  15.7  15.5  ....  15.5  ....  15.5  . 

FeAe04.2HjO,  75;  pyrite,  25;  SiOj.O..  20.53  ....  22.8  ....  15.26  ....  1.66  _  0.33 


Table  III — Arsenates  Plus  Silica  Mixed  With  Carbon 
and  Heated  in  Air  for  Thirty  Minutes 


Mixture,  per  Cent 

Pbi(A804)t,  40;  SiOi,  50;  charcoal,  10 . 

Ca](As04)t.  25;SiOj,  65;  charcoal,  10 . 

FeAs04.2Hi0,  90;  SiOi,  0;  charcoal,  10 — 
Ca>(As04)t,  30;8iOj,  60:coke,  10 . 


Arsenic  in 

Mixture,  . — Arsenic  in  Residue,  per  Cent  After  Heating  to — - 


per  Cent 

400° 

600° 

800° 

900° 

1,000° 

7.71 

8.28 

5.78 

2.32 

1.49 

0.57 

7.92 

7.68 

8.91 

8.82 

8.44 

26.4 

30.53 

28.80 

6.70 

1.66 

8.84 

8.84 

8.65 

9.35 

9.42 
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coal  was  used  for  similar  purposes  in 
the  tests  reported  here.  The  amount  of 
arsenic  volatilized  from  calcium  arse¬ 
nate  was  always  small. 

Formation  of  Arsenates 

During  the  roasting  process  certain 
conditions  seem  to  favor  the  formation 
of  arsenates,  and  arsenic  which  ap¬ 
parently  should  be  easily  removed  is 
fixed  or  put  into  a  stable  form.  Some 
of  the  conditions  favoring  the  forma¬ 
tion  of  various  arsenates  will  be  given 
before  the  concluding  experiments  on 
the  volatilization  of  arsenic  from  com¬ 
mercial  flue  dusts. 

According  to  De  Carli*,  PbOa  and 
AsiOs  react  vigorously  to  form 
Pbi(As04)2  at  temperatures  above  200 
deg.  C.  One  would  not  expect  PbO, 
in  roasted  products  or  ores,  but  two 
sets  of  tests  were  made  as  noted  in 
Table  V  to  determine  whether  or  not 
PbO  or  PbS04  would  react  with  AS2O1 
on  roasting  in  air.  Lime  plus  AszOi 
and  lime  plus  enargite  (CU3ASS4)  were 
also  roasted  together,  as  shown  in  the 
second  set  of  two  tests  of  this  table. 

The  data  show  that  PbSO^  does  not 
form  arsenates  with  As20j,  whereas 
PbO  does.  Results  indicate,  however, 
that  when  lime  is  mixed  and  roasted 
with  arsenical  compounds,  conditions 
are  favorable  for  oxidation  to  arsenates. 
(This  agrees  in  principle  with  the 
method  used  for  determining  arsenic 
in  which  the  arsenical  product  is 
roasted  with  ZnO  and  Na2C03  or 
similar  combination  and  the  resulting 
arsenate  is  leached  out  and  precipitated 
with  silver  nitrate  or  reduced  with 
iodide  and  titrated  with  sodium  thiosul¬ 
phate.) 

Cullen’s  work  (U.  S.  Patents 
1,532,577-78)  also  showed  that  when 
AS2O3  and  lime  were  pulped  together 
in  proper  proportions,  and  the  mixture 
was  heated  to  about  400  deg.  C.,  prac¬ 
tically  all  of  the  arsenic  was  fixed  as 
calcium  arsenate. 

Commercial  Flue  Dusts 

To  check  the  conclusions  regarding 
the  manner  of  formation  of  arsenates 
in  practice,  experiments  were  made  on 
a  flue  dust  from  a  local  smelter. 

'De  Carll,  F. :  “Reactions  in  the  Solid 
State  Between  Lead  Dioxide  and  Other 
Oxides.”  C.  A.  20,  1766  Gass.  chim.  ital.  56, 
55  (1926). 


Although  all  the  arsenic  in  this  dust 
was  shown  by  analysis  to  be  present  as 
As20s,  only  70  per  cent  of  it  was 
volatilized  in  the  normal  sintering-plant 
operation.  The  percentage  analysis  of 
this  dust  showed:  Pb,  20.56;  As,  22.75 
(As20»,  30.03) ;  Si02,  1.4;  S,  4.4;  CaO, 
22.2;  fe,  Cu,  and  Zn,  trace.  The  high 
lime  content  is  due  to  blowing  CaO  into 
the  gas  stream  to  neutralize  the  acid 
present  before  the  gases  enter  the  bag- 
house.  Two  series  of  roasts  were  made 
on  this  flue  dust.  The  results  (Table 
VI)  show  that  at  lower  temperatures 
arsenic  is  volatilized,  but  that  above  a 
certain  point  the  amount  evolved 
lessens,  indicating  the  formation  of 
arsenates. 

Analysis  suggests  that  the  arsenates 
are  those  of  either  lead  or  calcium.  As 
to  lead,  the  fact  may  be  recorded  that 
PbS04,  which  makes  up  80  to  90  per¬ 
cent  of  the  lead  salts  in  the  fume,  will 
not  form  arsenates  from  AS2O3;  there¬ 
fore  only  the  small  amount  of  PbO 
present  could  possibly  combine  as  this 
compound.  Table  II  shows  that  pyrite 
will  not  decompose  calcium  arsenate 
but  does  cause  the  removal  of  arsenic 
from  lead  arsenate.  We  must  conclude 
that  most  of  the  arsenic  is  retained  as 
calcium  arsenate.  The  conclusion  also 
seems  justified  by  the  fact  that  calcium 
arsenate  seems  to  form  at  approxi¬ 
mately  the  same  temperature  as  that 
at  which  arsenic  begins  to  be  retained 
in  the  roasting  of  baghouse  dusts. 

In  the  roasting  process  the  conver¬ 
sion  of  the  AsjOs  to  arsenate  is  not 
complete,  since  much  of  the  trioxide  is 
volatilized  at  the  lower  temperatures. 
The  higher  the  roasting  temperature, 
the  more  arsenate  forms.  For  the 
reason  that  calcium  arsenate,  once 
formed,  is  stable,  the  method  of  treat¬ 
ment  indicated  for  removing  AS2O8  is 
to  roast  at  a  low  temperature,  so  that  as 
little  arsenate  as  possible  is  formed. 

Elton*  found  that  the  addition  of 
pyrite  did  not  aid  in  volatilizing  AS2O3 
from  flue  dust.  He  volatilized  72  per 
cent  as  a  maximum  and  found  950 
deg.  F.  to  be  the  optimum  temperature ; 
above  this  point  arsenates  were  formed 
rapidly.  To  compare  Elton’s  flue  dust 
with  the  one  used  in  this  investigation, 
tests  were  made  as  shown  in  Table  VI. 

'Elton,  J.  O. :  "Arsenic  Trioxlde  Prom 
Flue  Dust.”  Trans.  A.I.M.E.,  Vol.  46,  1914  ; 
p.  690-702. 


The  maximum  amount  of  AS2O3  was 
removed  by  rather  long  roasting  at  200 
to  300  deg.  C.  This  would  then  seem 
to  be  the  optimum  roasting  temperature 
until  a  reagent  is  found  that  will  reduce 
calcium  arsenate.  Longer  roasts  were 
no  more  effective.  The  results  after 
120  minutes  were  almost  the  same  as 
those  after  90  minutes. 

Volatilization 

The  temperatures  at  which  experi¬ 
menters  have  found  arsenic  to  volatilize 
rather  completely  are,  then,  quite  low — 
200  deg.  C.  and  950  deg.  F.  (510  deg. 
C.)  In  normal  practice  the  interior  of 
the  sinter  cakes  will  reach  a  maximum 
temperature  of  some  1,100  deg.  C’  The 
hearth  roaster  is  better  suited  for  the 
lower  temperatures.  Physically,  the 
calcine  from  a  Wedge  roaster,  «for  ex¬ 
ample,  may  be  kept  open  and  porous, 
whereas  the  sinter  cake  starts  to  be¬ 
come  semi- fused  a  short  time  after  it 
is  ignited.  The  operator  treating  a 
highly  arsenical  charge,  and  wishing 
to  use  no  extraneous  fuel  other  than 
sulphides,  would  probably  find  it  ad¬ 
vantageous  to  first  volatilize  the  arsenic 
from  highly  arsenical  products  at  low 
temperatures  in  a  roaster  of  the  hearth 
type  before  sending  such  products  to 
the  Dwight-Lloyd  sintering  machines. 

Much  of  the  arsenic  charged  to  the 
blast  furnace  as  (largely)  calcium 
arsenate  finds  its  way  into  the  speiss. 
The  temperature,  gases,  and  reactants 
in  the  blast  furnace  are  then  such  that 
metallic  arsenides  are  formed.  That 
arsenic  could  be  Volatilized  from  the 
charge  on  the  Dwight-Lloyd  machines, 
were  enough  coke  breeze  used  and  other 
conditions  properly  adjusted,  thus  ap¬ 
pears  probable,  although  considerable 


’Oldrlght,  G.  L.,  and  Miller,  V.:  “Smelt¬ 
ing  in  the  Lead  Blast  Furnace.  X.  Prep¬ 
aration  of  the  Charges.”  Report  of  In¬ 
vestigations  3183,  U,  S.  Bureau  of  Mines; 
1932  :  p.  50. 


Table  VI — Roasting  Baghouse  Dust 


Arsenic 

Arsenic 

Total 

Tem¬ 

in 

in 

as  Re¬ 

Time, 

pera¬ 

Charge, 

Calcine, 

moved, 

Min¬ 

ture, 

per 

per 

per 

Diluent 

utes 

Deg.C. 

(Dent 

(Jent 

(5ent 

None  (a) 

30 

200 

22.75 

15.38 

32.4 

None 

300 

7.00 

69.3 

None 

400 

9.38 

58.8 

None 

500 

10.99 

51.8 

None 

600 

13.77 

39.5 

None 

700 

13.77 

39.5 

None 

800 

16.70 

26.6 

None 

900 

15.60 

31.5 

None 

1,000 

19.19 

15,6 

Pyrite  (50 

60 

400 

10.2 

3.43 

74,3 

per  cent) 

500 

4.20 

68.4 

600 

5.00 

62.2 

800 

7.30 

46.9 

None 

30 

200 

22.75 

10.5 

63.3 

250 

7.4 

76. 1 

300 

7.8 

74.5 

350 

7.8 

74.5 

400 

10.3 

66.1 

None 

60 

200 

6.8 

77.8 

250 

6.94 

77.5 

300 

7.8 

74.7 

350 

7.8 

74.7 

400 

1^1 

67.0 

None 

90 

200 

J  45 

79.0 

250 

6.80 

76,2 

300 

7.90 

74.3 

350 

10.00 

67.5 

400 

10.10 

67.0 

(a)  First  nine  tests  not  corrected  for  loss  of  weight, 
so  corresponding  figures  for  per  cent  total  arsenic 
removed  are  too  low.  The  flue  dust  contained  con¬ 
siderable  water. 


Table  FV — ^Reduction  of  Ferric  Arsenate  by  Heating  With  CO/CO2  Gases 

Proportion  CO/CO2 .  90:10  90:10  99:1  99:1  1 00  per  cent  CO 

Temperature,  ®C .  800  800  900  900  900 

Len^h  of  test,  hours .  I  I  I  I  I 

Arsenic  in  feed,  per  cent .  (a)  38.  5  38.5  38.5  38.5  38.5 

As  in  calcine,  per  cent .  (6)  21.3  21.3  8.88  6.4  2.4 

(o)  Product  practically  pure.  (6)  As  oxygen  is  also  mostly  removed,  loss  in  weight  of  sample  would  be  great 
and  percentage  arsenic  volatilized  higher  than  if  computed  from  differences  in  analyses  of  feed  and  calcine. 

Table  V — Formation  of  Arsenates  Showing  Arsenic  in  Calcine  After  Heating 
for  Sixty  Minutes  at  Temperatures  Noted 


Arsenic  in 
Mixture. 

-Arsenic  in  Calcine, 

per  Cent,  After  Heating  to- 

Mixture,  jier  Cent 

per  C^ent 

300“ 

400° 

o 

o 

4A 

600“ 

700“ 

800“ 

900“ 

AsiOj,  20;  PbS04,  80 . 

16.0 

0 

0 

0 

AsjOj,  20;  PbO.  80 . 

13.86 

3.30 

5.76 

melted 

AsiOj’,  2():  CaO,  40 . 

15.16 

0.61 

1.68 

2.23 

3.07 

3.23 

3.23 

4.90 

CujA8S4,  80;  CaO,  20 . 

•SiOj.  40  per  cent. 

11.19 

9.27 

5.40 

4.68 

4. 10 

4.22 

6. 10 

8.84 

368 


Engineering  and  Mining  Journal — Vol.135,  No.8 


lead  might  be  also  volatilized  by  the 
same  operation. 

A  few  sieve  tests  were  made  on  the 
Wedge  calcine  from  a  lead  smelter  to 
ascertain  the  arsenic  content  of  particles 
of  various  sizes  and  the  effect  of  fusing 
particles  when  roasting.  We  found  in 
one  case  that  about  20  per  cent  of  the 
calcine  was  plus  10  mesh  in  size  and 
that  this  portion  contained  over  47  per 
cent  of  the  arsenic — the  particles  larger 
in  diameter  than  0.371  in.  contained 
3.28  per  cent  of  arsenic  and  those  minus 
10  plus  14  mesh  in  size  contained  0.47 
per  cent.  In  a  similar  test  56  per  cent 
of  the  arsenic  was  found  in  the  plus  10 
mesh  material,  which  comprised  25  per 
cent  of  the  total  weight.  Some  of  the 
fused  nodules  were  practically  original 
feed. 

The  tests  suggest  that  the  arsenical 
calcines  should  be  screened  and  the 
oversize  crushed  and  reroasted.  They 
also  indicate  that  the  addition  of  con¬ 
siderable  coke  might  be  found  neces¬ 
sary  to  make  a  sinter  cake  sufficiently 
porous  to  volatilize  arsenic  as  well  as 
to  supply  a  reducer. 


Simple  Millsite  Excavation 


The  empty  car,  after  being  returned 
from  the  dump,  is  moved  to  one  side  of 
the  iron  sheet,  and  skidded  into  place 
as  soon  as  the  full  car  is  on  its  way 
for  dumping.  In  a  short  time,  with  the 
aid  of  a  little  pick-and-shovel  work,  the 
automobile  makes  its  own  road.  A  piece 
of  timber,  as  a  stop,  is  placed  at  the 
end  of  the  road,  so  that  the  driver  will 
come  against  it  and  not  pull  the  scraper 
off  the  loading  platform,  which  might 
occur  otherwise. 

The  rock  was  a  medium-hard,  crushed 
quartzite.  The  price  paid  for  breaking 
the  ground  and  hand  shoveling  was 
$1.50  per  cubic  yard,  but  with  car  and 
scraper  loading  the  actual  cost  was 
75c.,  including  all  charges.  The  loading 
platform  or  bench  was  retained  through¬ 
out  the  operation.  Inasmuch  as  blast¬ 
ing  spreads  the  material  in  the  cut,  the 
bench  makes  easier  the  breaking  of  the 
large  chunks  and  the  gathering  from 
every  part  of  the  open  cut.  Later  on, 
what  is  left  of  the  loading  platform  is 
the  only  part  of  the  cut  that  is  shoveled 
by  hand. 

The  aforesaid  method  is  simple  and 
particularly  adaptable  where  mucking  is 
the  main  operation,  as  in  grading  or 
placer  work  where  horses  cannot  be 
turned  around  and  a  car  is  used  for 
daily  transportation  to  and  from  the 
property. 


Automobiles,  being  movable 

•  power  plants,  have  been  employed 
for  many  other  uses  than  transportation, 
writes  C.  Labbe,  from  Death  Valley 
Junction,  Calif. 

At  a  mine  in  eastern  California,  the 
decision  was  made  to  build  a  mill,  the 
millsite  of  which  had  to  be  graded  from 
the  slope  of  a  hill.  The  open  cut  was 
limited  in  size,  and  the  price  offered  for 
the  work  did  not  justify  the  outlay  of 
large  equipment.  Implements  locally 
available  consisted  of  ore  cars,  track, 
two  large  pieces  of  ^-in.  sheet  iron,  a 
slip  scraper,  some  |-in.  soft  cable,  a 
wire-rope  tackle  block,  and  a  heavy 
touring  car,  one  of  the  earlier  models. 

To  start  the  excavation  a  cut  was 
made  crosswise,  the  ground  being 
loosened  with  picks.  The  muck  was 
loaded  into  a  mine  car  with  a  scraper, 
the  automobile  pulling  the  scraper  di¬ 
rectly.  As  soon  as  a  bench  was  made 
and  holes  could  be  drilled  and  blasted, 
mucking  became  heavier.  One  end  of 
the  cable  was  fastened  to  a  “deadman,” 
made  of  two  heavy  drills  driven  into 
the  ground  and  loaded  with  large  rocks, 
and  the  other  end  was  passed  through 
the  sheave  at  the  scraper  and  then  fast¬ 
ened  to  the  frame  of  the  automobile, 
thus  providing  double  pulling  power 
with  better  speed  control.  The  method 
employed  is  indicated  below. 


Conclusions 


1.  If  tlie  arsenic  is  to  be  removed  by 
roasting,  the  arsenic  compounds  should 
be  converted  to  trioxide  or  sulphide. 

2.  Pure  arsenic  sulphides  and  AsaOa 
are  easily  volatilized  at  low  tempera¬ 
tures.  Other  substances  present  may 
accelerate  or  retard  this  reaction,  often 
by  forming  the  more  stable,  less 
volatile  arsenates.  Each  mineral  seems 
to  have  an  optimum  roasting  tempera¬ 
ture  for  greatest  speed  in  removing 
arsenic. 

3.  Arsenic  may  be  removed  rapidly 
and  completely  from  some  arsenates  by 
roasting  with  pyrite  at  low  temperature, 
even  when  the  arsenates  are  relatively 
stable  at  high  temperature  when  heated 
alone. 

4.  Charcoal  and  coke  have  the  same 
general  effect  as  pyrite,  but  seem  gen¬ 
erally  slower  and  somewhat  less  effec¬ 
tive  under  the  conditions  employed  in 
these  tests. 

5.  The  Wedge  roaster,  which  gives 
an  oxidizing  atmosphere  at  the  surface 
of  the  charge  and  a  reducing  at¬ 
mosphere  under  the  surface,  seems  to 
be  a  more  effective  apparatus  for  re¬ 
moving  arsenic  than  the  Dwight-Lloyd 
when  it  is  desired  to  use  the  minimum 
of  extraneous  carbonaceous  fuel. 

6.  Calcium  arsenate  alone  of  the 
common  arsenates  studied  remained 
stable  under  any  of  the  treatments 
given.  It  is  easily  formed  by  roast¬ 
ing  around  400  deg.  C.  in  the  presence 
of  lime.  Conditions  favoring  forma¬ 
tion  of  calcium  arsenate  must  be 
avoided  to  keep  arsenic  out  of  the  sinter 
and  consequently  out  of  the  blast 
furnace. 
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Eureka,  the  Grand  Central,  and  Mam¬ 
moth  properties.  Edward  Hoffman  is 
manager,  Guy  W.  Crane,  consulting 
geologist,  and  William  Owens,  superin¬ 
tendent. 

Another  property  being  reopened  is 
Aurum  Gold,  at  Gold  Hill,  where  the 
shaft  has  been  unwatered  to  the  220-ft. 
level.  A  drift  is  being  advanced  to  in¬ 
tersect  a  fissure  productive  of  high- 
grade  ore.  R.  E.  Froiseth  is  in  charge 
of  operations. 

The  surface  plant  on  the  Mayflower 
property  of  New  Park  Mining,  near 
Park  City,  destroyed  by  fire  recently, 
has  been  rebuilt.  The  new  compressor 
was  saved,  and  only  slight  damage 
done.  At  this  property,  the  tunnel,  ad¬ 
vanced  a  total  of  4,750  ft.,  is  estimated 
to  be  125  ft.  from  the  downward  pro¬ 
jection  of  the  Park  Bingham  mine  ore- 
body. 

Drought  conditions  have  converted,  at 
the  Park  Utah  mine,  what  is  nearly  al¬ 
ways  a  liability  in  mining  operations 
into  an  asset.  Because  of  the  scarcity 
of  water  in  the  farming  area  near 
Heber,  O.  N.  Friendly,  general  man¬ 
ager,  has  made  arrangements  to  furnish 
farmers  with  six  second-feet  of  water 
for  irrigation  purposes.  The  water  is 
being  pumped  from  the  Park  Utah  mine 
in  the  East  Park  City  district  by  way 
of  the  Ontario  No.  2  drain  and  trans¬ 
portation  tunnel. 

A  forest  fire,  which  started  July  12 
in  the  old  Daly  hoist  house  in  Em¬ 
pire  Canyon,  Park  City,  swept  down 
Empire  Canyon,  setting  fire  to  hun- 


Drought,  Strikes,  and  Fires  Hamper 
Mining  Operations 


But  General  Improvement  in  the  Industry  Continues,  With  More  New 
Properties  Coming  Into  Production  and  the  Number  of  Reopened 
Gold  Mines  Steadily  Increasing  in  Many  Western  Districts 


Drought  conditions  prevailing 
throughout  most  of  the  Western 
mining  states  last  month  severely  ham¬ 
pered  mining  operations  in  many  dis¬ 
tricts.  In  a  few  areas,  fires,  aided  by 
the  lack  of  rainfall,  destroyed  surface 
plant  and  threatened  the  lives  of  work¬ 
ers.  Strikes  were  also  a  disturbing  in¬ 
fluence.  At  Butte,  Anaconda,  and  Great 
Falls,  Mont.,  for  instance,  the  status  of 
the  strike  of  the  employees  of  Anaconda 
Copper  was  said  to  be  just  about  what  it 
was  on  May  8,  when  the  strike  began. 

In  spite  of  these  three  unfavorable 
factors — drought,  strikes,  and  fires — 
metal  mining  in  the  United  States  con¬ 
tinues  to  exhibit  a  steady  general  im¬ 
provement,  with  more  new  properties 
coming  into  production  and  the  number 
of  reopened  gold  properties  constantly 
increasing.  A  summary  follows  of  the 
more  important  developments  in  the  va¬ 
rious  districts  during  the  last  month. 


300-  and  the  400-ft.  levels.  At  the 
Alta  Champion  property,  several  head¬ 
ings  are  being  advanced  from  the 
Dwyer  tunnel  level. 

At  Ophir,  Ophir  Midland  Mining  has 
made  several  shipments  from  the  Fish 
Ophir  property.  A  pipe  line  has  been 
installed  to  convey  air  from  the  com¬ 
pressor  plant  to  leasers  working  in  the 
upper  levels.  The  lower  tunnel  is  to  be 
advanced  on  the  Monster  fissure  to  the 
Buckhorn  limestone. 

Operations  have  been  resumed  at  the 
old  Annie  Laurie  property,  at  Kimber¬ 
ley,  8  miles  southwest  of  Marysvale.  A 
crew  of  30  men,  under  the  direction  of 
B.  F.  Bauer,  is  reopening  the  No.  4 
tunnel,  and  the  mill  is  being  repaired. 
Occasional  shipments  of  gold  ore  are 
made. 

At  the  Tintic  Gold  property,  near 
Eureka,  a  steady  improvement  in  the 
character  and  amount  of  mineralization 
is  reported  in  the  winze  being  sunk  be¬ 
low  the  600  level  on  the  Diamond  fis¬ 
sure.  Tintic  Gold,  formerly  known  as 

Mining  continues  to  display  slow  but  adjoins  the  Centennial 

Steady  improvement  in  Utah.  Not  only 
is  the  output  of  large  mines  increased 
somewhat  over  that  for  the  same  period 
of  last  year,  but,  also,  activity  at  pros¬ 
pects  has  been  stinfulated  by  the  higher 
price  for  gold. 

At  the  camp  of  Tintic,  production  for 
the  first  six  months  of  the  year  totaled 
1,372  carloads,  as  compared  with  725 
carloads  for  the  same  period  in  1933. 

About  twice  as  many  men  are  employed 
as  were  at  work  this  time  last  year. 

Leasing  operations  in  the  properties 
of  Chief  Consolidated  Mining  have  sup¬ 
plied  work  for  about  200  men.  United 
States  Smelting,  Refining  &  Mining  has 
opened  its  Eagle  and  Blue  Bell,  Centen¬ 
nial  Eureka,  and  Bullion  Beck  proper¬ 
ties  to  leasers.  A  few  men  have  been 
added  to  the  working  forces  of  Tintic 
Standard  and  Eureka  Standard. 

In  the  Little  and  Big  Cottonwood 
areas  southeast  of  Salt  Lake  City,  signs 
of  renewed  activity  are  abundant.  The 
Cardiff  mine  is  shipping  from  a  body 
of  carbonate  ore  opened  up  between  the 


The  600-toii  Mannini:  cyanide  plant  near  Mercur,  Utah,  where  W.  F.  Snyder 
&  Sons  has  been  treating  tailing  for  about  a  year  and  a  half.  These  same 
interests  recently  acquired  by  purchase  from  Secretary  of  War  George  H. 
Uern  and  his  associates  the  Consolidated  Mercur  Mining  property,  in  the 
same  district,  which  will  be  reopened 
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dreds  of  acres  of  timber  and  nearly 
wiping  out  the  old  silver-lead  camp. 
Miners  in  the  American  Flag  property 
of  Park  City  Development  were  hoisted 
from  a  lower  level  while  the  roof  of 
the  hoist  burned.  Only  by  efficient  work 
on  the  part  of  Park  City  firemen  and 
volunteers  at  Park  Utah  Consolidated 
Mines  was  the  fire  kept  back  from  the 
Judge  mill  and  the  storehouse,  where 
powder  is  kept.  The  fire  was  also  nar¬ 
rowly  prevented  from  spreading  to 
buildings  of  Silver  King  Coalition 
Mines.  Damage  at  American  Flag  was 
estimated  at  $50,000,  only  a  small  part 
of  which  was  covered  by  insurance. 
Damage  at  the  Daly  is  estimated  at 
$16,000. 

Nevada 


Concrete  bins,  with  a  capacity  of  20,000 
tons,  will  form  the  central  receiving 
points  for  ore,  concentrate,  flux,  and 
fuel,  to  be  distributed  by  conveyor  belts. 
A  separate  coal-pulverizing  mill  will 
serve  each  furnace.  Steel  cranes  will 
handle  all  materials  between  the  con¬ 
verters  and  reverberatories,  and  a  car 
scale  will  be  placed  beside  the  copper 
loading  floor.  The  mines  and  concen¬ 
trator  are  operating  for  a  50-day  period. 

Shortage  of  water  at  Gold  Circle, 
Elko  County,  caused  a  shutdown  of  the 
50-ton  amalgamating  mill  of  the  East 
Standard.  A  supply  has  been  provided 
by  drilling  with  a  12-ton  Keystone 
water-well  drill.  The  drill  has  since 
been  moved  to  the  tunnel  portal  of 
Miners  Gold,  where,  if  an  adequate 
supply  is  obtained,  the  company  will 
build  a  30-ton  mill.  In  the  same  dis¬ 
trict,  Gold  Circle  Consolidated  has 
abundant  water,  and  is  treating  70  tons 
per  day  of  ore  obtained  from  ground 
lying  between  the  750-  and  900-ft.  levels 
of  the  Elko  Prince  mine.  A  lease  on 
the  Colorado  Grande  vein  of  the  Gold 
Circle  Consolidated  group,  operated  by 
J.  E.  Knapp,  has  opened  a  body  of  high- 
grade  gold  ore  that  will  be  treated  in  the 
company  mill. 

A  Huntington  mill,  mine  buildings, 
and  water  line  are  being  provided  for 
the  Dixie  Valley  gold  property,  discov¬ 
ered  lately  by  Clyde  Garrett  and  ac¬ 
quired  by  Comstock  Keystone,  operating 
the  Keystone  and  Justice  mines,  in  the 
Comstock  district.  A  crosscut  tunnel  is 
said  to  show  a  substantial  amount  of 
gold  ore  that  can  be  milled  with  profit. 
The  prospect,  situated  in  Dixie  Valley, 
northern  Churchill  County,  is  near  old 
silver  mines  that  were  worked  in  the 
'sixties. 

Dun  Glen,  in  Pershing  County,  is 
one  of  the  revived  gold  districts  of 
Nevada  that  were  productive  in  early 
days.  In  this  area.  White  Bear  Mining, 
under  the  direction  of  George  Young, 
has  built  a  50-ton  amalgamating  mill, 
and  is  reopening  the  old  Black  Hole 
mine  250  ft.  below  old  workings.  Allen 
Scott,  a  young  prospector,  found  rich 
gold  ore  in  an  old  tunnel  on  the  Hendra 
property,  idle  for  many  years,  and  has 
been  making  bullion  shipments  to  the 
San  Francisco  mint.  The  Lang  Syne, 
Auburn,  and  Essex,  all  former  pro¬ 
ducers,  are  being  reopened  with  profit 
to  owners  or  lessees. 

At  Jarbidge,  northern  Elko  County, 
the  Bluster  mine  has  been  reopened  and 
new  mill  equipment  provided  by  a  group 
headed  by  R.  R.  Cook,  an  officer  of  the 
old  Bluster  Consolidated  Gold-Silver 
Mines.  This  group  has  secured  leases 
on  the  adjoining  Success  and  Pick  and 
Shovel  mines.  New  equipment  includes 
a  150-hp.  diesel  engine  and  a  lighting 
plant. 

Lucky  Tiger-Combination,  again  op¬ 
erating  the  Buckskin  National  mine 
under  lease,  is  constructing  a  50-ton 
cyanide  unit  to  treat  tailing  and  concen¬ 
trate  from  the  present  flotation  mill. 


which  has  not  made  a  satisfactory  re¬ 
covery  of  gold  and  silver. 

California 

Results  from  development  work  un¬ 
dertaken  and  in  progress  since  the  re¬ 
habilitation  of  the  Brunswick  shaft  by 
Idaho  Maryland  Mines,  Grass  Valley, 
are  reported  to  be  encouraging.  In  con¬ 
sequence,  production  at  the  Brunswick 
mill  will  be  increased  about  50  tons  a 
day,  the  bulk  of  the  ore  being  received 
from  the  1,100-ft.  level  in  the  Brunswick 
mine.  The  new  flotation  plant  placed 
in  operation  recently  is  working  satis¬ 
factorily. 

F.  C.  Van  Deinse,  president  of  Cali¬ 
fornia  Metal  and  Mineral  Producers  As¬ 
sociation,  announced  that  the  majority 
of  gold  dredging  companies  in  Cali¬ 
fornia  have  adopted  a  six-day  week 
and  raised  the  wages  of  their  workers. 
Winchmen  now  receive  72^c.  an  hour, 
oilers  60c.,  and  shoremen  and  laborers 
45  and  50c.  an  hour,  respectively. 

Following  the  completion  of  a  thor¬ 
ough  drilling  and  sampling  campaign, 
Kennedy  Mining  &  Milling,  at  Jackson, 
has  decdied  to  erect  a  1,000-ton  cyanide 
plant  to  re-treat  the  tailing  dump  a 
short  distance  from  the  mill.  M.  N. 
Colman  is  in  charge  of  operations. 

Empress  Mining,  operating  the  Em¬ 
press  mine,  near  Grass  Valley,  has 
started  work  on  a  200-ton  mill  which  is 
to  replace  the  50-ton  unit  on  the  prop¬ 
erty.  The  new  plant  will  employ  rolls, 
a  ball  mill,  and  flotation  equipment. 
E.  C.  Jacobs  is  general  manager,  and 
R.  L.  Hathaway,  millwright,  is  in 
charge  of  the  construction  work. 

Big  Wedge  Gold  Mining,  developing 
a  lead-silver-gold  mine  in  Owens  Valley, 
Inyo  County,  has  completed  erection  of 
a  150- ton  mill,  and  began  milling  opera¬ 
tions  late  last  month.  The  property  em¬ 
braces  30  claims  covering  about  600 
acres.  E.  J.  Harrison  is  directing  op¬ 
erations. 

Pursuant  with  current  development 
plans.  Lava  Cap  Gold  Mining,  operat¬ 
ing  the  Central  and  Banner  mines,  near 
Nevada  City,  has  commenced  sinking 
the  Central  shaft  another  200  ft.  to  the 
1.200-ft.  level.  The  new  mill,  in  opera¬ 
tion  since  Jan.  1,  1934,  is  treating  150 
tons  of  ore  a  day. 

Carson  Hill  Gold  Mining,  at  Mel- 
ones,  is  reported  to  have  started  de¬ 
watering  the  main  shaft  at  the  Carson 
Hill  mine  to  the  3,000-ft.  level,  as  a 
preliminary  to  developing  further  known 
orebodies  on  the  2,700-  and  3.000-ft. 
levels. 

Yuba  No.  17,  the  world’s  largest  gold 
placer  dredge,  built  recently  by  Yuba 
Manufacturing  for  Yuba  Consolidated 
Gold  Fields,  started  operations  at  Ham- 
monton  on  July  16.  and  is  reported 
working  satisfactorily.  See  p.  338. 

Rehabilitation  of  the  Church  and 
German  mines,  in  El  Dorado  County, 
by  Utah  Apex  Mining,  is  progressing 
satisfactorily.  Several  crews  are  at 


Reopened  by  miners  in  the  employ  of 
J.  A.  Sanders,  chief  justice  of  the  Ne¬ 
vada  Supreme  Court,  the  old  Jack  Pot 
mine,  in  the  Wonder  district,  Churchill 
County,  is  shipping  high-grade  silver- 
gold  ore.  The  property  is  near  and 
above  the  Nevada  Wonder.  The  shaft 
is  to  be  sunk  to  the  400-ft.  point,  to 
reach  the  sulphide  zone,  which  was 
highly  productive  in  the  Wonder  mine. 

Shipments  of  gold  ore  and  bullion  are 
increasing  at  the  old  camp  of  Delamar, 
in  Lincoln  County.  Many  leases  are 
being  worked  with  profit,  and  Caliente 
Cyaniding  is  treating  a  large  accumula¬ 
tion  of  tailing  at  the  300-ton  cyanide 
mill  built  by  Captain  J.  R.  DeLamar  in 
1896.  Products  of  the  district  are 
trucked  32  miles  to  Caliente,  the  nearest 
railroad  point. 

The  only  producer  of  quicksilver  in 
Nevada  at  present,  Castle  Peak  Quick¬ 
silver,  is  operating  a  3ix40-ft.  Gould 
rotary  furnace,  9  miles  north  of  the 
Comstock  district.  Its  ore  comes  from 
a  wide  vein  at  a  depth  of  310  ft.  Much 
of  the  quicksilver  produced  is  used  in 
amalgamating  mills  near  Grass  Valley 
and  Nevada  City,  Calif.,  but  the  bulk 
goes  to  the  Eastern  market. 

Officers  of  West  End  Consolidated 
Mines,  atTonopah,  have  leased  the  com¬ 
pany’s  250-ton  cyanide  mill  for  a  term 
of  years  to  a  group  of  miners  of  the 
silver  camp,  who  say  that  they  will  in¬ 
stall  flotation  equipment  and,  while 
treating  the  product  of  their  own  mines 
and  leases,  will  operate  the  plant  as  a 
custom  mill.  Present  equipment  includes 
three  crushers,  30  stamps,  two  rolls, 
three  tube  mills,  classifiers,  agitators, 
and  a  filter  press. 

Work  of  remodeling  the  smelting 
plant  of  Nevada  Consolidated  Copper, 
at  McGill,  involves  moving  the  con¬ 
verter  equipment  to  a  point  near,  and 
under  the  same  roof  as,  the  reverbera¬ 
tory  plant.  A  force  of  more  than  100 
men  has  been  employed  in  the  work, 
which  will  be  completed  by  the  end  of 
the  year.  The  construction  work  will 
require  1,000  tons  of  structural  steel,  all 
to  be  fabricated  by  the  company  at  Mc¬ 
Gill,  at  the  rate  of  150  tons  per  month. 
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work  retimbering  old  workings  and 
erecting  new  surface  structures  pre¬ 
paratory  to  the  resumption  of  under¬ 
ground  mining.  Present  plans  are  said 
to  also  include  the  erection  of  a  mill. 
J.  A.  Norden  is  general  manager  of  the 
company. 

Milling  operations  have  started  at 
the  Big  Blue  mine,  at  Kernville,  con¬ 
trolled  by  San  Francisco  interests.  The 
new  150-ton  plant  is  treating  dump  ore, 
of  which  about  9,000  tons  is  available, 
while  vigorous  development  work  is  be¬ 
ing  pursued  underground.  A.  V.  Udell 
is  general  superintendent. 

Tintic  Standard  Mining  has  sunk  an 
incline  shaft  300  ft.  in  its  Gold  Explora¬ 
tion  property  near  Smartville,  Calif., 
in  the  Grass  Valley  district.  Drifts  are 
to  be  advanced  north  and  south  to  test 
the  value  of  the  gravel.  James  W. 
Wade,  general  manager,  reports  that  so 
far  developments  have  been  encourag¬ 
ing,  the  upper  strata  of  gravel  averag¬ 
ing  better  than  expected.  Operations 
have  been  under  way  at  the  California 
property  of  the  Utah  company  for  the 
last  nine  months.  Milton  Paine  is  in 
charge. 

Arizona 

Capacity  of  the  Tom  Reed  mill,  at 
Oatman,  has  been  increased  by  the  in¬ 
stallation  of  a  rock  crusher,  two  de¬ 
watering  tanks,  and  an  additional 
coarse-ore  bin,  but  the  plant  is  still  hav¬ 
ing  difficulty  in  treating  all  the  tonnage 
produced  from  company  operations  and 
leases.  Eyster  &  Jones,  leasers,  who 
have  been  driving  west  on  the  300- ft. 
level,  have  encountered  a  9-ft.  vein  of 
milling  ore.  At  the  adjoining  Big  Jim 
mine,  which  is  being  operated  by  C.  & 
S.  Mining,  the  shaft  is  being  retimbered 
from  the  600-  to  the  725-ft.  level.  This 
company  is  also  installing  milling  and 
hoisting  machinery,  obtained  at  the 
North  Star  mine,  in  Santa  Cruz  County, 
and  at  the  Tintic  mine,  at  Chloride. 
Rae  Johnston  is  superintendent.  Ira 
Foreman  is  installing  a  hoist  at  the 
Merrimac  property,  also  at  Chloride. 

A  placer  plant  of  large  capacity  is 
being  erected  at  the  Arivaca  placers,  on 
the  north  slope  of  Las  Guijas  Moun¬ 
tains,  in  Pima  County.  Equipment  con¬ 
sists  of  a  gas  shovel,  trucks,  59-cu.yd. 
hopper,  4-ft.  conveyor,  vibrating  grizzly, 
sluice  box  with  bar  and  pole  type  rif¬ 
fles,  and  a  sluice  box  with  Hungarian 
type  riffles.  Water  is  obtained  from  a 
well  on  the  banks  of  the  Las  Guijas 
Creek.  Power  is  furnished  by  a  100- 
kva.  generator  driven  by  gas  and  oil 
engines.  The  plant  was  designed  and 
installed  by  Winfield  Covey,  who  is  in 
charge  of  operations. 

C.  M.  d’Autremont  and  H.  Hassel- 
gren,  of  Tucson,  are  re-treating  a 
30,000-ton  tailing  dump  at  the  Sierra 
Pinta  mine,  90  miles  from  A  jo,  in  So¬ 
nora,  Mexico.  The  tailing  is  shoveled 
and  trammed  by  hand  to  a  bin,  from 
which  it  is  fed  by  a  belt  conveyor  to  a 


3x6-ft.  ball  mill.  Values  are  recovered 
from  the  pulp  in  an  eight-cell  flotation 
machine.  Concentrate  is  dried,  sacked, 
and  hauled  by  truck  to  A  jo.  Power  is 
furnished  by  two  semi-diesel  engines  of 
25  and  75  hp.,  respectively.  Water  is 
pumped  from  a  165-ft.  well,  3  miles 
from  the  Gulf  of  California,  through  a 
2^-in.  pipe  line  9  miles  long.  The  ver¬ 
tical  lift  is  750  ft.  Joe  T.  Terry  is 
supervising  operations. 

Historic  La  Paz  placers,  in  Yuma 
County,  are  being  tested  with  a  Western 
Ore  concentrator  by  David  Mines,  of 
Blythe,  Calif.  Allen  Dodd  is  superin¬ 
tendent.  Two  bunk  houses,  a  change 
house,  and  a  kitchen  and  dining  room 
have  been  built  by  Western  Gold  Ex¬ 
ploration  at  the  Alta  Vista  gold  mine, 
12  miles  from  Safford,  to  accommodate 
the  mine  crew.  Sam  Adcock  is  general 
manager. 

American  Smelting  &  Refining  has 
installed  a  hoist  and  compressor  at  the 
Toughnut  mine,  at  Tombstone,  in  prep¬ 
aration  for  development  work.  The 
company  has  given  up  its  lease  on  the 
Tombstone  Extension  mine.  The  Bo- 
riana  tungsten  mine,  near  Yucca,  has 
112  men  on  the  payroll. 

Two  of  Arizona’s  idle  copper  mines 
resumed  production  during  July.  New 
Cornelia,  at  A  jo,  commenced  sending 
concentrate  to  the  Douglas  smelter,  and 
Miami  Copper  resumed  operation  on  a 
basis  designed  to  produce  the  company’s 
code  allocation  of  828  tons  of  copper 
monthly.  At  present,  750  men  are  em¬ 
ployed  at  Ajo  and  250  at  Miami. 

Montana 

The  mill  of  the  Basin  Montana  Tun¬ 
nel,  at  the  Comet  mine,  northeast  of 
Basin,  Jefferson  County,  will  start  oper¬ 
ations  about  Aug.  15,  according  to 
George  G.  Griswold,  Jr.,  metallurgist. 
Walter  Phelps  Jacob,  of  New  York, 
managing  director,  is  spending  the  sum¬ 
mer  at  the  property,  William  H.  Hax, 
of  New  York,  president  of  the  com¬ 
pany;  John  G.  Hun,  Princeton,  N.  J., 
and  William  Dolph,  New  York,  direc¬ 
tors,  inspected  operations  the  latter  part 
of  July. 

Atlas  Mines  Corporation,  of  New 
York  City,  is  erecting  a  large  mill  to 
treat  tailing  from  the  Bald  Butte  and 
Penobscot  mines,  near  Marysville, 
Lewis  and  Clark  County.  Operations 
are  in  charge  of  Frederick  B.  Hyder,  of 
Denver.  Caryl  H.  Sayre,  of  New  York 
City,  is  president  of  the  company. 

Basin  Goldfields,  operating  in  the 
Pole  Mountain  district,  1^  miles  north¬ 
west  of  Basin,  is  sinking  on  high-grade 
gold  ore.  Work  has  been  started  on 
the  main  vein  about  700  ft.  east  of  and 
250  ft.  lower  than  the  present  workings. 
Surface  trenching  on  the  vein  shows  a 
large  body  of  free-milling  gold  ore. 

Inspiration  Gold  Mining,  operating 
the  B.  &  H.  property,  at  Bear  Gulch, 
near  Twin  Bridges,  Madison  County, 
has  started  operation  of  its  100-ton- 


capacity  flotation  plant,  according  to 
Frank  C.  Ball,  manager.  The  values  in 
the  ore  are  mainly  gold. 

An  Eastern  syndicate,  known  as 
Vance  Consolidated  Mines  &  Power, 
headed  by  Major  William  G.  Vance,  of 
Morristown,  N.  J.,  has  purchased  the 
properties  formerly  owned  by  Western 
Mines  &  Power,  at  Cooke  City,  Still¬ 
water  County. 

Michigan 

A  reduction  of  about  $2,000,000  in 
the  assessed  valuation  of  mining  prop¬ 
erty  in  Houghton  and  Keweenaw  coun¬ 
ties  has  been  made  by  the  Michigan 
State  Tax  Commission.  The  total  as¬ 
sessed  valuation  this  year  is  $10,092,125, 
which  compares  with  a  total  valuation 
last  year  of  $12,081,741. 

In  connection  with  the  mineral  re¬ 
search  program  approved  by  the  state 
planning  board  and  the  FERA  for  the 
Michigan  College  of  Mining  and  Tech- 
ology,  encouraging  progress  is  reported 
in  the  concentration  of  low-grade  iron 
ore  and  in  the  investigation  of  methods 
of  copper  concentration,  before  fine 
crushing,  by  means  of  heavy  solution. 
The  use  of  copper  in  cast  iron,  to  give 
it  the  practical  qualities  it  would  have 
were  nickel  used  instead,  also  has  been 
given  considerable  attention,  with  grat¬ 
ifying  results. 

At  the  property  of  Michigan  Gold 
Mining,  near  Ishpeming,  on  the  Mar¬ 
quette  iron  range,  plans  are  under  way 
to  extend  the  present  shaft  500  ft.  From 
that  point  a  crosscut  will  be  driven  to 
several  veins,  which  will  be  opened. 
Geological  conditions  are  considered  fa¬ 
vorable.  Preliminary  work  has  yielded 
more  than  $2,000  in  gold  bullion.  Ad¬ 
ditional  equipment  will  be  purchased  for 
the  mill,  making  it  a  modern  plant. 

Idaho 

Sunshine  Mining,  on  Friday,  July  13, 
encountered  high-grade  silver  ore  in  a 
crosscut  being  driven  on  the  2,100 
level  of  its  Sunshine  mine,  near  Kel¬ 
logg,  which  fact  adds  substantial  re¬ 
serves  to  those  already  existing  at  the 
largest  silver-producing  property  in  the 
country.  Public  interest  is  now  fo¬ 
cused  on  the  2,300  level,  but  the  man¬ 
agement  is  apparently  in  no  hurry  to 
add  another  200-ft.  block  of  ore  to  the 
company’s  reserves.  A  shaft  station 
has,  however,  been  cut  on  the  2,300 
level. 

Jack  Waite  Consolidated  Mining,  be¬ 
sides  maintaining  the  recently  prevail¬ 
ing  rate  of  mining  and  mill  operations 
at  its  property  in  the  Eagle  district,  is 
extending  the  main  operating  tunnel  to 
the  Montana  section  of  its  holdings. 
This  extension  of  the  tunnel,  which  will 
amount  to  about  3,600  ft.,  is  required  by 
the  agreement  between  the  Jack  Waite 
company  and  American  Smelting  &  Re¬ 
fining,  under  which  the  latter  company 
recently  look  over  the  mine  under  an 
operating  contract  running  for  40  years. 
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At  the  Matachewan  Consolidated,  con¬ 
trolled  by  Ventures  Limited,  a  100-ton 
mill  has  been  ordered  by  the  manage¬ 
ment.  The  Young- Davidson  mill  is  de¬ 
signed  to  handle  in  bulk  the  lowest  grade 
ore  yet  treated  in  Ontario,  whereas  the 
Matachewan  Consolidated  will  mine 
selectively  ore  of  moderate  grade. 

Little  Long  Lac  gold  area,  north  of 
Lake  Superior  and  east  of  Lake  Nipigon, 
is  the  province’s  most  active  field  this 
season.  The  original  discovery,  the  Lit¬ 
tle  Long  Lac  mine,  has  responded  well 
to  development,  and  the  tonnage  of  ore 
to  the  present  lowest  level,  at  695  ft.,  is 
more  than  ample  for  the  200-ton  mill 
that  is  under  construction.  The  grade 
of  the  ore  is  consistently  high,  and  un¬ 
expected  widths  have  been  found  in  the 
lower  levels.  A  large  surrounding  area 
has  been  staked,  and  half  a  dozen  sub¬ 
stantial  explorations  are  under  way. 

The  Swayze  area  has  suffered  a 
severe  relapse  with  the  cessation  of  op¬ 
erations  at  the  Kenty,  the  original  dis¬ 
covery  of  the  district,  where  unusually 
extensive  and  rich  surface  showings 
were  opened  from  two  500-ft.  shafts 
without  preliminary  drilling. 


British  Columbia 


Another  substantial  impetus  was  given 
to  the  interest  taken  in  the  Bridge  River 
area  by  the  recent  report  that  the  big 
“A”  orebody  of  the  Bralorne  mine  had 
been  encountered  in  the  crosscut  driven 
on  the  11  level.  This  working  is  at  a 
depth  of  about  400  ft.  below  the  8,  or 
adit,  level,  where  this  orebody  shows  a 
width  of  from  4  to  20  ft.  over  a  distance 
of  400  ft.  between  two  faults.  Additions 
to  the  Bralorne  mill  have  been  com¬ 
pleted,  whereby  the  daily  capacity  will 
be  brought  up  to  about  450  tons. 

In  the  Gun  Lake  area  some  interest¬ 
ing  developments  are  in  progress.  The 
Jewel  property,  controlled  by  the  Bralco 
Company,  and  the  Pilot  group  are  cited 
as  promising  instances.  Work  is  being 
continued  on  the  prospects  lower  down 
the  Bridge  River.  In  this  section,  the 
ore  occurrences  differ  from  the  charac¬ 
teristic  type,  as  exemplified  by  the  Bra¬ 
lorne  and  Pioneer  veins.  The  gold  seems 
to  be  definitely  associated  with  arseno- 
pyrite. 

Highly  encouraging  reports  are  cur¬ 
rent  regarding  developments  being  car¬ 
ried  out  by  Sheep  Creek  Gold  Mines  on 
the  Queen  property.  The  old  Queen 
mine  workings  have  been  unwatered  and 
the  7  level,  at  a  depth  of  about  500  ft. 
below  surface,  has  been  extended  toward 
the  east,  opening  up  a  body  of  ore  over 
a  distance  of  180  ft.  having  an  average 
width  of  from  6  to  8  ft. 

Premier  Gold  Mining  is  actively  de¬ 
veloping  the  Relief  Arlington  mine,  at 
The  new  500-ton  mill  of  Young-  Erie,  in  which  it  recently  acquired  a 
Davidson  Mines,  subsidiary  of  Hollinger  controlling  interest.  The  No.  5  level  on 
in  the  Matachewan  area,  was  damaged  the  main  vein  is  being  advanced  beyond 
by  fire  early  in  July,  when  it  was  on  the  the  original  boundary  of  the  property,  at 
point  of  being  put  in  operation.  Recon-  which  all  drifts  and  stopes  on  upper 
struction  will  require  about  two  months,  levels  were  terminated.  The  adjoining 


Two  New  California  Enterprises 


.\hove — I’rospect  Hhaft  on  tlie  property  of  Grass  Valley  I’remler  Gold 
Mines,  one  of  the  new  eonipanies  operatinK  in  the  tirass  Valley  district. 
Tile  sliaft  is  sunk  on  a  vein  in  the  HoeklnK  Kaneh,  near  Kentucky  Flat. 
Kelow — The  Montezuma  mine,  at  Nashville,  Calif.,  one  of  the  newest 
producers  on  the  Mother  I.ode.  Kquipment  on  the  property,  which  Is 
operateil  by  Montezuma-.Vpex  Mining,  a  subsidiar.v  of  Utah  Apex, 
includes  a  IDO-ton  mill  and  a  modern  surface  plant 


Base-Metal  Production  in  Canada 
Regains  High  Output  Rate 


Most  Interesting  Gold  Area  in  Manitoba  Centers  Around  the  San  Antonio  Mine. 
In  the  Rice  Lake  Field — Additional  Machinery  En  Route  to  Eldorado 
Property,  at  Great  Bear  Lake — Bralorne  Encounters  Orebody 


a  month  and  will  be  substantially  above 
this  figure  by  the  end  of  the  year.  Lead 
output  is  at  its  1929  peak  of  27,000,- 
000  lb.  a  month  and  is  holding  at  that 
level.  Zinc,  with  the  same  poundage, 
has  passed  its  former  peak  and  is  mount¬ 
ing  steadily. 


1)  ASE-METAL  output  of  Canada  has 
regained  its  maximum  rate  of  pro¬ 
duction  and  is  still  increasing;  new 
records  will  probably  be  established  by 
the  end  of  the  year.  Copper  output  is  at 
the  rate  of  35.()00,000  lb.  a  month,  most 
of  this  coming  as  a  byproduct  of  nickel 
and  gold  mining.  Capacity  of  the  Inter¬ 
national  Nickel  smelter  is  being  con¬ 
siderably  enlarged,  and  a  new  shaft  is 
being  sunk  by  E'alconbridge  Nick'el,  with 
a  view  to  permitting  expansion  of  mine 
and  smelter  tonnage.  This  will  result  in 
a  substantial  increase  in  the  output  of 
copper  as  well  as  nickel.  Nickel  output 
is  at  the  record  rate  of  14,000,000  lb. 


Ontario 
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property  was  secured  during  a  prior 
period  of  development  in  which  W. 
Xorrie-Lowenthal  established  the  prop¬ 
erty  on  its  present  attractive  basis. 

Quebec 

Beattie  Gold  Mines  has  added  a 
cyanide  unit  to  its  mill,  which,  on  the 
basis  of  experiments,  will  extract  70 
per  cent  of  the  gold  and  enable  a  much 
less  bulky  concentrate  to  be  made.  As 
the  concentrate  is  being  shipped  to 
Tacoma  for  smelting,  an  attempt  is  still 
under  way  to  extract  at  the  mine  the 
remainder  of  the  gold. 

Arntfield  Gold  Mines  has  commenced 
the  construction  of  a  250-ton  mill  to 
treat  ore  estimated  to  average  $5  a  ton 
at  the  current  price.  Expectations  are 
that  a  large  tonnage  of  ore  of  this  grade 
will  be  developed  and  the  mill  enlarged 
to  1,000  tons. 

Manitoba 

The  most  interesting  gold  area  in 
Manitoba  at  present  is  centered  round 
the  San  Antonio  property,  in  the  Rice 
Lake  field.  As  the  gold-bearing  zone  of 
this  mine  is  largely  concealed  beneath  a 
lake  and  swamps,  its  development  has 
been  rather  slow  and  difficult.  It  has 
now  an  ample  supply  of  high-grade  ore 
for  its  mill,  recently  enlarged  to  300 
tons’  capacity,  and  the  periodical  dis¬ 
covery  of  additional  deposits  suggests 
that  this  tonnage  may  be  substantially 
increased.  A  new  central  shaft  has  been 
sunk. 

Northwest  Territories 

Additional  machinery  to  raise  the  ca¬ 
pacity  of  the  Eldorado  mine  and  mill,  at 
Great  Bear  Lake,  from  50  tons  a  day  to 
75  tons,  is  on  the  way  to  the  mine.  The 
boats  that  are  taking  in  the  season’s  sup¬ 
plies  will  bring  out  the  radium  and  sil¬ 
ver  concentrates  accumulated  at  the 
mine  during  the  past  year. 


American  Mining  Congress  Meets 
in  San  Francisco,  Sept.  24 

During  the  week  of  Sept.  24  the 
Western  Division  (Metals  Section)  of 
the  ’American  Mining  Congress  will 
hold  its  annual  meeting  in  San  Fran¬ 
cisco.  W.  S.  Boyd,  vice-president, 
Nevada  Consolidated  Copper  Company, 
is  national  chairman  of  the  division, 
and  W.  Mont  Ferry,  vice-president, 
Silver  King  Coalition  Mines  Company, 
is  chairman  of  the  program  committee 
composed  of  representatives  from  the 
Western  mining  states.  An  exposition 
of  metal-mining  equipment  will  be  held 
in  connection  with  the  convention. 

At  a  conference  of  the  program  com¬ 
mittee  held  in  Salt  Lake  City  early  last 
month  plans  were  made  to  extend  in¬ 
vitations  to  Senator  William  E.  Borah, 
of  Idaho,  George  H.  Dern,  Secretary  of 
War,  Secretary  of  the  Interior  Ickes, 
General  Hugh  S.  Johnson,  and  Senator 
Key  Pittman  to  address  the'  San  Fran¬ 
cisco  meeting.  Topics  to  be  discussed 
will  include  codes,  rehabilitation  of  the 
non-ferrous  industry  as  a  means  of  re¬ 
covery,  operation  of  the  silver-purchase 
act,  mine  taxation,  tariffs,  and  war 
metals. 

• 

Princeton  University  Geologists 
On  Canadian  Trip 

The  Princeton  University  Summer 
School  of  Geology  and  Natural  Re¬ 
sources  began  its  third  Canadian  trip 
on  July  28,  when  the  party  consisting 
of  five  leaders  and  fifteen  graduate 
and  undergraduate  students  left  Prince¬ 
ton,  N.  J.,  in  the  specially  constructed 
Pullman  car  “Princeton,”  which  has 
already  traveled  more  than  70,000 
miles  on  previous  trips  of  the  school. 
In  the  course  of  the  present  33-day 
trip,  which  is  being  made  jointly 
with  the  School  of  Public  and  Inter¬ 
national  Affairs  of  Princeton  Univer¬ 
sity,  the  group  will  travel  more  than 


10,000  miles.  Prof.  Richard  M.  Field, 
associate  professor  of  geology  at 
Princeton,  is  director  of  the  expedition. 

The  journey,  which  has  as  its  pur¬ 
pose  examination  of  the  Canadian 
aspects  of  some  of  the  problems  com¬ 
mon  to  that  country  and  the  United 
States,  has  been  arranged  with  the  co¬ 
operation  of  the  University  of  Toronto 
and  officials  of  the  Canadian  Govern¬ 
ment.  Instruction  will  be  furnished 
principally  by  authorities  in  the  various 
localities  visited. 

In  addition  to  Professor  Field,  the 
leaders  of  the  party  include  Dr.  How¬ 
ard  C.  Parmelee,  of  New  York  City, 
former  President  of  the  Colorado 
School  of  Mines  and  at  present  editor 
of  Engineering  and  Mining  Journal, 
and  Professor  Harold  A.  Innis,  of  the 
Department  of  Economics  at  Toronto 
University,  who  is  an  authority  on  the 
lumber  and  mineral  resources  of  the 
Dominion  and  author  of  the  standard 
work  on  its  fur  trade. 

Two  other  members  of  the  Princeton 
faculty  accompanying  the  party  are  Dr. 
Leslie  T.  Fournier,  assistant  professor 
of  economics,  who  is  a  native  of  Canada 
and  has  made  a  special  study  of  rail 
and  water  transportation  in  the  United 
States  and  Canada,  and  Dr.  Erling. 
Dorf,  assistant  professor  of  geology, 
authority  on  the  natural  resources  of 
the  North  American  Continent. 

A  summarized  itinerary  of  the  trip 
follows : 

Princeton,  N.  J.  (July  28)  ;  Niagara 
Falls,  N.  Y.  (July  29)  ;  Toronto,  Ont, 
(July  30)  ;  Sudbury,  Ont.  (Aug.  2)  ;  Port 
Arthur,  Ont.  (Aug.  3)  ;  Winnipeg,  Man. 
(Aug.  4);  Lake  Louise,  Alta.  (Aug.  6); 
Calgary,  Alta.  (Aug.  7)  ;  Fernie,  B.  C. 
(Aug.  8) ;  Tadanac,  B.  C.  (Aug.  10) ; 
Vancouver,  B.  C.  (Aug.  11)  ;  Jasper,  Alta. 
(Aug.  14);  Edmonton,  Alta.  (Aug.  16); 
Minaki,  Ont.  (Aug.  19)  ;  Hearst,  Ont. 
(Aug.  20);  Timmins,  Ont.  (Aug.  21); 
Kirkland  Lake,  Ont.  (Aug.  22)  ;  Noranda, 
Que.  (Aug.  23) ;  Ottawa,  Ont.  (Aug.  25); 
Montreal,  Que.  (Aug.  27)  ;  New  York, 
N.  Y.  (Aug.  29). 


Lookinfr  across  the  Northern  Black  Hills  toward  the  new 
Ross  shaft  of  Homestake  Mining,  at  Lead,  South  Dakota — 
the  country’s  outstanding  gold  producer.  Equipment  in  the 
hoist  house,  the  structure  in  front  of  the  headframe,  includes 
two  bicylindro-conlcal  drums,  each  with  a  cylinder  12  ft. 


in  diameter  at  the  small  end,  and  a  cone  developing  to  a 
cylinder  of  25-ft.  diameter  at  the  large  end.  Each  drum 
of  the  ore  hoist  is  grooved  for  5,400  ft.  of  IJ-in.  rope.  The 
drum  of  the  man  and  material  hoist  is  grooved  for  .5,600  ft. 
of  IS-in.  rope 
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NEWS  FROM^WASHINGTON 


By  Special  Correspondent 


ROUGHT  RELIEF,  labor  adjust¬ 
ment,  and  capital-goods  improve¬ 
ment  are  today  three  of  the  major 
objectives  in  Washington.  Although 
seemingly  remote  from  the  mineral  in¬ 
dustries,  they  root  so  deep  in  present 
economic  planning  as  to  affect  these 
industries  in  an  important  degree. 

More  deliberate  consideration,  to¬ 
gether  with  long-time  planning,  has  this 
summer  replaced  last  year’s  feverish 
emergency-type  action.  Superficially 
obvious  is  politics;  and  no  doubt  exists 
that  political  considerations  weigh 
heavily  in  every  important  decision  of 
the  Administration.  But  national  pol¬ 
icies  for  land,  water,  power,  and 
mineral  resources  are  major  objectives 
which  so  dominate  Presidential  think¬ 
ing  and  permeate  departmental  activity 
as  even  occasionally  to  result  in  politi¬ 
cally  inexpedient  actions.  The  only 
major  setback  to  the  planners  has  been 
the  convincing  evidence  afforded  by  the 
drought  that  natural  forces  may  su¬ 
persede  the  best  of  human  arrange¬ 
ments.  This  development  may  recast 
agricultural  programs. 

Mine  Financing 

Loans  to  the  mining  industry  are 
available  from  both  the  Reconstruction 
Finance  Corporation  and  the  Federal 
Reserve  Banks.  Where  funds  are 
needed  for  working  capital,  Washing¬ 
ton  observers  think  that  dealing  with 
the  banks  may  prove  a  more  expedi¬ 
tious  means  of  securing  aid.  Little 
time  and  no  prestige  is  lost  by  attempt¬ 
ing  this  course  first,  informed  advocates 
at  the  capital  say. 

“Information  Regarding  Mining 
Loans’’  is  the  title  of  Circular  No.  14 
of  the  Reconstruction  Finance  Corpora¬ 
tion,  issued  during  July.  It  cites  the 
limitations  of  the  law  and  terms  and 
conditions  under  which  applications  for 
loans  can  be  made.  Five  purposes  are 
officially  recognized:  For  working 
capital,  for  fixed  capital  (construction, 
repair,  expansion),  payment  of  exist¬ 
ing  indebtedness,  loans  to  facilitate  tax 
payment,  and  promotion  or  prospecting 
loans. 

Those  seeking  funds  from  this  source 
are  particularly  warned  that  payment 
of  bonuses,  fees,  or  commissions  to 
those  who  aid  in  securing  a  loan  is 
prohibited.  The  borrower  may  pay 
only  such  charges  as  represent  “reason¬ 
able  compensation  for  services  rendered 
by  attorneys'  appraisers,  and  account¬ 
ants,  but  not  in  any  event  for  alleged 
services  in  connection  with  the  presen¬ 
tation  of  the  application  to  the  Corpo¬ 


ration  (R.F.C.).’’  Compliance  with  an 
N.R.A.  code  must  be  certified,  and  con¬ 
formity  with  rules  as  to  audits  and  ap¬ 
praisals  are,  of  course,  expected. 

Law  Has  Teeth 

Offsetting  these  promises  to  aid, 
which  admittedly  have  not  yet  become 
actual  money  transactions,  obstacles  to 
mining  promotion  have  been  set  up. 
These,  however,  affect  only  concerns 
alleged  to  he  engaged  in  fraudulent  se¬ 
curities  marketing  on  mining  enter¬ 
prises. 

During  July  the  Federal  Trade  Com¬ 
mission  acted  on  three  such  cases.  It 
secured  a  Federal  court  injunction 
against  New  York  brokers  promoting 
the  purchase  of  stock  of  the  Inspiration 
Gold  Mining  Company  of  Montana.  It 
also  issued  stop  orders  with  reference 
to  security  issues  of  Abba  Gold  Mining 
Corporation,  a  Nevada  enterprise,  and 
Cariboo  King  Gold,  Inc.,  Seattle,  Wash. 
In  both  stop  orders  the  Commission 
alleged  registration  statements  to  con¬ 
tain  “untrue  statements  of  material 
facts,”  or  that  they  omitted  “certain 
material  facts  required  to  be  stated 
therein,  and  said  to  be  necessary  to 
make  the  statements  not  misleading.” 
In  the  instance  of  the  Abba  corporation 
“deliberate  misstatements  are  charged,” 
and  the  case  has  been  referred  to  the 
Department  of  Justice  for  possible  crim¬ 
inal  action. 

Spokesmen  of  the  mining  industries 
in  Washington  express  the  hope  that 
under  the  modified  Securities  Act  mar¬ 
keting  of  mining  securities  will  be 
easier,  rather  than  more  difficult.  These 
recent  actions  are  cited  by  them  only  as 
evidencing  an  intention  of  officials  to 
scrutinize  carefully  the  proposed  is¬ 
sues.  No  feeling  seems  to  prevail  that 
the  Government  has  embarked  on  an 
obstructionist  policy  discouraging  min¬ 
ing  development.  Some  even  feel  that 
these  orders  will  create  greater  con¬ 
fidence  on  the  part  of  the  public  and 
may  make  the  floating  of  mining  se¬ 
curities  less  difficult  than  heretofore. 

Tin  Inquiry 

A  House  of  Representatives  special 
committee  was  authorized  in  June  to 
make  an  inquiry  regarding  tin  supply, 
resources,  and  the  factors  affecting  its 
importance  for  industrial  and  military 
uses  of  the  United  States.  During  July 
this  committee  had  active  studies  con¬ 
ducted  by  technical  specialists  working 
through  representatives  of  the  State 
Department  assigned  to  the  task.  A 


report  is  to  be  made  at  a  meeting 
scheduled  for  Aug.  15.  At  that  time 
first  steps  will  be  taken  toward  the 
formulation  of  an  important  bill  to  be 
considered  next  winter. 

Export  of  tin  scrap  to  Japan  inspired 
this  inquiry.  Military  reserves  of  a 
strategic  metal  give  it  continued  im¬ 
petus.  But  industrial  peace-time  con¬ 
siderations  would  in  any  event  justify 
the  importance  which  attaches  to  the 
study.  Re-export  of  such  a  material  as 
tin,  whether  in  scrap  tin  plate  to  Japan 
or  in  other  form,  except  a  finished  fab¬ 
ricated  article,  inevitably  aggravates 
the  problems  involved  in  securing  ade¬ 
quate  national  supplies.  Mineral 
economists  argue,  therefore,  that  pro¬ 
hibition  or  limitation  of  such  exports 
as  a  matter  of  peace-time  policy  is  more 
than  justified — in  fact,  almost  neces¬ 
sary. 

Some  forecasters  expect  that  the  tin 
study  will  lead  to  the  establishment  by' 
the  special  committee  of  a  general 
policy  for  which  approval  in  the  next 
Congress  will  be  sought.  Members  of 
the  National  Committee  on  Mineral 
Policy  have  already  been  consulted  in 
this  connection.  No  official  recommen¬ 
dations  have  yet  been  made,  but  the 
trend  of  the  discussion  is  evident.  This 
trend  points  towards  protection  of  do¬ 
mestic  metals  prices  and  more  attention 
to  re-export  of  scrap  in  order  that  ex¬ 
port  of  finished  products  from  the 
United  States  may  proceed  with  Amer¬ 
ican  producers  situated  as  favorably  as 
possible  in  the  world  market.  Only  by 
holding  down  the  price  of  tin  in  the 
United  States,  again  to  revert  to  that 
single  example,  can  tin  plate  and  tin¬ 
plate  products  be  sold  from  the  United 
States  most  extensively.  On  this  theory 
legislation  is  hoped  for,  and  even  ex¬ 
pected. 

Trade  Treaties 

Reestablishment  of  foreign  trade  has 
become  a  major  effort.  Active  negotia¬ 
tion  with  Cuba  for  a  new  commercial 
treaty  is  only  the  first  step  toward  a 
revised  world-wide  structure  of  trade 
agreements.  These  seek  a  new  form 
of  internationalism,  and  will  attempt  to 
break  away  from  the  former  ever- 
expanding  spiral  of  high  tariffs,  quotas, 
and  embargoes  that  American  tariff 
enactments  over  the  past  generation  set 
up.  Thus  the  Democratic  free-trade  idea 
returns  in  a  new  costume. 

Mineral  industries  have  had  a  sample 
of  the  possible  difficulty  and  the  com¬ 
plexity  of  such  negotiations  during  the 
hearings  of  late  July  that  theoretically 
related  only  to  Cuban-American  affairs. 
Manganese  naturally  was  one  of  the 
major  commodities  to  be  considered  by 
the  treaty  makers,  and  it  has  proved 
almost  as  hard  a  political  nut  to  crack 
as  sugar  has  always  been.  Because  of 
their  precedent-making  character,  these 
developments  deserve  intimate  study 
and  thoughtful  consideration  by  every 
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industry,  including,  of  course,  the 
mineral  industries,  whose  stake  in  world 
trade  is  great. 

Cuban  negotiations  on  manganese  dis¬ 
closed  a  wide  variety  of  views  and  con¬ 
troversies.  Domestic  producers,  im¬ 
porters,  foreign  producers,  and  major 
consumer  groups  could  not  be  expected 
to  have  come  to  Washington  with  any 
unanimous  recommendations.  Even 
where  harmony  was  attempted,  this 
proved  of  the  barber-shop  variety,  and 
numerous  sour  notes  were  audible. 
Even  questions  of  code  quotas  and  la¬ 
bor  agreements  inevitably  entered  into 
the  discussions. 

Those  who  urged  continuance  of  duty¬ 
free  movement  of  minerals  from  Cuba 
into  the  United  States  used  manganese 
as  their  springboard.  They  claimed  to 
be  able  to  supply  roughly  half  of  the 
United  States  needs  of  manganese  and 
to  be  prepared,  should  a  military 
emergency  occur,  to  go,  even  further, 
if  given  continued  tariff  exemption. 
They  urged  this  as  a  military  necessity 
on  the  theory  that  only  the  transport 
lanes  to  Cuba  could  surely  be  kept  open 
if  a  war  of  first  magnitude  should  arise. 

Opponents  of  this  theory,  of  course, 
argue  that  domestic  reserves  could  be 
called  on  instead ;  that  only  a  war  with 
Britain,  “unthinkable  today,”  would 
seriously  interfere  with  manganese 
supply  from  Brazil,  the  Gold  Coast,  or 
elsewhere ;  and,  finally,  that  it  was  much 
better  to  build  up  in  the  United  States 
ample  reserves  of  ore  or  products  so 
that  emergency  transport  would  cease 
to  become  a  dominating  consideration. 

Canada  and  Russia 

Canadian  negotiations  are  expected 
to  begin  soon ;  in  fact,  are  probably 
quietly  under  way  already  through 
diplomatic  channels.  In  this  and  most  of 
the  other  trade  agreements  the  Presi¬ 
dent  will  have  free  hand  to  approve 
negotiations  without  reference  to  the 
Senate.  The  Cuban  treaty  must,  of 
course,  be  ratified,  as  it  replaces  the 
former  document  abrogated  in  connec¬ 
tion  with  our  relinquishment  of  the 
Platt  Amendment.  And  need  may  arise 
for  a  treaty  with  Russia  also.  The  rest 
of  the  world,  however,  can  be  dealt 
with  in  large  measure  without  further 
legislation  or  Congressional  action. 

The  Russian  situation  is  peculiarly 
interesting,  because  new  debt-settlement 
conversations  are  under  way.  Both  the 
Soviet  and  American  governments  wish 
to  remove  the  stigma  of  “default,” 
which,  under  the  Johnson  Act  of  the 
last  Congress,  makes  further  lending  to 
Russia  at  present  out  of  the  question. 
When  that  matter  has  been  settled, 
a  new  trade  policy  is  to  be  formulated — 
perhaps  it  is  already  agreed  to  in  part. 
Of  course,  manganese  and  lumber  are 
outstanding  commodities  discussed  for 
import  into  the  United  States. 

Canadian  markets  are  viewed  envi¬ 
ously  by  manufacturers  (ff  metals  and 


fabricated  materials — notably  steel. 
Hopes  prevail  that  some  sort  of  ar¬ 
rangement  can  be  consummated  giving 
encouragement  to  Canadian  industries, 
sufficient  politically  to  permit  the  move¬ 
ment  of  commodities  like  these  into  the 
Dominion  on  larger  scale.  Direct 
“deals”  are  talked  of  freely.  One  men¬ 
tioned  in  stage  whispers  would  contem¬ 
plate  an  agreement  on  the  part  of 
American  metallurgical  concerns  to 
pUVchase  from  Canadian  sources  needed 
alloys  if  Canada  will  allow  finished 
steel  products  to  move  northward  across 
the  border.  Some  such  arrangements  re¬ 
quire  legislation,  especially  if  an  Amer¬ 
ican  tariff  is  to  be  modified  more  than 
by  50  per  cent,  which  is  the  limit  of 
Presidential  authority. 

Secrecy  in  all  these  tariff  and  trade 
matters  has  aroused  more  criticism 
than  any  other  consideration.  Evidence 
exists  that  the  hearings  required  under 
the  law  n\ay  be  made — in  fact  are 
likely  to  become — opportunities  for  in¬ 
dustrial  protest  that  will  be  only  per¬ 
functory  from  the  official  point  of  view. 

T.V.A.  Minerals 

Curtailment  of  funds  allotted  to  Ten¬ 
nessee  Valley  Authority  from  the  de¬ 
ficiency  bill  passed  in  June  has  neces¬ 
sitated  complete  recasting  of  budgets 
of  that  social-planning  agency.  Instead 
of  getting  $48,000,000,  as  expected,  only 
$25,000,000  was  allotted.  Most  of  the 
cut  necessarily  affects  the  speed  of  con¬ 
struction  projects,  but  some  curtailment 
has  been  made  on  industrial  and  chem¬ 
ical  engineering  development  work. 
This  represents  only  a  slowing  dowm 
rather  than  any  fundamental  change. 

During  July  it  was  announced  by 
T.V.A.  that  its  geologists  had  made 
important  discoveries  of  potash,  bauxite, 
manganese,  and  phosphate  occurrences. 
Some  of  these  “discoveries,”  however, 
appear  merely  to  be  more  extended  e.x- 
plorations  of  known  deposits.  No  early 
development  except  that  of  phosphate 
rock,  and  possibly  of  ceramic  raw  ma¬ 
terials,  has  been  forecast. 

Sharp  criticism  has  been  expressed 
by  some  that  T.V.A.  is  purchasing  phos¬ 
phate  rock  from  Tennessee  producers  at 
prices  which  will  prevent  the  payment 
of  N.R.A.  wages.  No  issue  has  yet  been 
made  of  this ;  but  explanations  are  likely 
to  be  asked  shortly  by  interested  in¬ 
dustry.  Initial  operation  of  electric 
furnaces  at  Muscle  Shoals  with  this 
rock  are  e.xpected  in  August,  but  regu¬ 
lar  production  of  phosphoric  acid  in 
any  large  quantity  will  probably  come 
considerably  later. 

Gold  and  Silver 

The  protracted  absence  of  President 
Roosevelt  from  Washington  has  elim¬ 
inated  most  of  the  recurrent  rumor  as 
to  further  adjustments  in  the  gold  value 
of  the  dollar  and  of  prices  for  silver. 
The  desire  of  the  Administration  is 


clearly  not  only  for  secrecy  in  its  silver 
purcliases  but  also  for  calmness  in  the 
money  markets.  This  is  a  tacit  con¬ 
fession  that  uncertainty  as  to  monetary 
inflation  was  in  the  past  an  actual  de¬ 
terrent  to  recovery. 

.Us  August  opens,  most  of  Washing¬ 
ton  does  not  seriously  e.xpect  a  further 
adjustment  in  the  gold  value  of  the 
dollar  soon.  The  President’s  purpose  is 
interpreted  rather  as  favoring  the  low¬ 
ering  of  the  cost  of  money  instead  of 
the  inflation  of  goods  prices.  This 
change  from  the  policy  of  1933  is  wel¬ 
comed  most  enthusiastically  by  spokes¬ 
men  for  salaried  and  white-collar  work¬ 
ers.  They  believe  that  fully  as  great 
agricultural  and  industrial  relief  can  be 
given  if  money  is  cheap  as  if  commodity 
prices  be  high. 

Labor  Trends 

Washington  continues  to  regard 
strikes  as  problems  for  local  and  state 
officials  to  handle  wherever  possible. 
Officials  are  delighted  that  no  Federal 
interference  was  officially  necessary  in 
San  Francisco  during  the  general 
strike.  .Apparently,  they  seek  to  estab¬ 
lish  for  the  new  National  Labor  Rela¬ 
tions  Board  the  aloofness  of  a  supreme 
court,  policy-making  appellate  in  nature. 
N.R..-\.  has  no  like  compunctions.  It 
rushes  in  on  local  cases,  even  intra¬ 
state  matters,  with  all  the  impetuousness 
of  its  highly  emotional  leader. 

Next  Winter 

Looking  forward,  Washington  sees 
a  segregation  of  N.R..-\.  functions. 
Something  will  have  to  be  done  ne.xt 
winter,  as  N.LR..U.  lapses  next  June. 
Reliable  forecast  is,  of  course,  impos¬ 
sible,  but  most  believable  is  the  idea 
that  trade  practice  agreements  will  be 
transferred  to  a  revised,  revitalized 
Federal  Trade  Commission.  [In  this 
connection,  one  should  remember  that 
F.T.C.  had  scores  of  trade  practice 
codes  in  Hoover’s  day.]  Labor  prob¬ 
lems.  under  this  theory,  would  go  to  the 
Department  of  Labor,  possibly  a  new 
Bureau  of  Labor  .Adjustment  with 
(juasi-judicial  power,  even  quasi¬ 
legislative  function  wdth  respect  to  la¬ 
bor  relations  rules.  No  one  really  e.x- 
pects  Congress  to  e.xtend  indefinitely 
N.I.R.A.  unamended. 

.Already  Washington  talks  of  legisla¬ 
tion  planned  for  next  winter.  Reconsid¬ 
eration  of  N.R.A.,  already  mentioned, 
and  analogous  A. A. A.  problems  is  in¬ 
evitable.  Demand  for  more  P.W..A. 
money  is  expected.  But  basically,  the 
next  Congress  will  be  one  to  plan  long¬ 
time  resource  policies  and  to  establish 
a  new  basis  for  taxation.  Two  more 
difficult  questions  are  difficult  to  imag¬ 
ine.  Despite  the  unpleasantness  of  the 
task  of  ta.x  levying,  the  next  session  of 
Congress  will  have  to  face  that  issue. 
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An  endleNH  human  conveyor,  conHistlng:  of 
nativcH  bulancinK  bankets  of  gravel  on 
their  heatlH,  feeds  the  sluice  employed 
•  during  development  operations  on  the  • 

placer  gold  property  of  Kenya  Syndicate, 
in  I'ganfla,  near  the  west  shore  of  A’ictoria 
Nyanza 


Ore  Extensions  at  Wiluna  Feature 
Australasian  Developments 

Oroville  Dredging  and  Camp  Bird  Subsidiaries  Working  Deep  Lead  System 
Near  Avoca,  Victoria — Over  Thirty  Companies  Operating  in  the 
Bendigo  District,  But  Only  the  Hercules  Distributing  Dividends 


Extension  of  the  Wiluna  ore- 

bodies,  at  W’iluna,  Western  Aus¬ 
tralia,  to  a  point  3  miles  north  of  the 
Wiluna  main  shaft  has  been  proved  by 
diamond  drilling.  The  first  bore  pene¬ 
trated  a  lode  50  ft.  wide,  and  boring  is 
being  continued.  An  electrical  pros¬ 
pecting  campaign  was  carried  out  to 
determine  whether  well-known  surface 
shears  were  sulphidic  at  depth.  Three 
pronounced  indications  were  obtained. 
Proving  of  the  Wiluna  orebodies  over 
such  a  length  is  a  development  of  great 
importance  and  establishes  the  Wiluna 
gold  field  as  the  greatest  low-grade  area 
in  Australia.  Recent  additional  boring, 
however,  3^  miles  north  of  the  Wiluna 
main  shaft,  has  been  unsuccessful.  A 
diamond-drill  hole  penetrated  several 
shear  zones,  but  these  contained  no 
gold.  Extensive  pegging  of  leases  has 
been  under  way  lately  in  the  district. 

Oroville  Dredging  and  Camp  Bird 
recently  floated  several  companies  in 
London  to  develop  the  Bet-Bet  deep 
lead  system  at  Avoca,  Victoria.  Talbot 
Alluvials  was  formed  as  a  parent  com¬ 
pany  to  take  over  four  groups  of  leases 
totaling  24,000  acres.  This  company 
will  operate  the  Talbot  property,  form¬ 
ing,  from  time  to  time,  subsidiary  com¬ 
panies  to  work  other  sections.  The  old 
Talbot  shaft  has  been  unwatered,  and 


the  wash  is  being  opened  up  for  ex¬ 
traction. 

The  first  subsidiary  company  has 
been  formed  by  Talbot  Alluvials  under 
the  title  of  Madam  Hopkins  Gold  Min¬ 
ing.  This  company  has  been  formed  to 
purchase  from  Talbot  Alluvials  three 
leases  having  a  total  length  on  the  lead 
of  9  miles.  In  addition  to  the  boring 
carried  out  by  the  Victorian  Govern¬ 
ment  before  the  War,  four  additional 
lines  of  bores  have  been  put  down  at  in¬ 
tervals  on  the  property,  and  these  have 
proved  that  the  Bet-Bet  lead  runs 
through  the  Hopkins  property  for  its 
entire  length,  and  that  the  lead  carries 
auriferous  wash  over  an  average  width 
of  about  1,500  ft.  The  second  of  the 
subsidiary  companies,  Homebush  Gold 
Mining,  has  been  formed  to  acquire 
from  Talbot  Alluvials  an  area  extend¬ 
ing  for  10  miles  on  the  same  main  deep 
lead  system  which  traverses  the  Madam 
Hopkins  property  to  the  northwest. 

The  Oroville  company  is  interested, 
in  cooperation  with  other  companies,  in 
options  that  have  been  obtained  over 
two  other  deep  lead  properties  in  Vic¬ 
toria.  The  first  of  these,  which  is  being 
drilled,  is  at  the  head  of  a  well-known 
deep  lead  system.  On  a  second  tract 
under  option,  which  also  covers  a  fur¬ 
ther  well-known  deep  lead  system,  drill¬ 


ing  is  being  carried  out  at  a  point  where 
two  known  leads  on  the  property  are 
supposed  to  junction.  If  the  drilling 
results  are  satisfactory  a  complete  drill¬ 
ing  program  will  be  carried  out. 

New  companies  continue  to  be  formed 
for  exploratory  work  on  the  Bendigo 
gold  field,  in  Victoria.  More  than  30 
companies  are  actually  at  work,  but  only 
one  company,  the  Hercules,  is  distribut¬ 
ing  dividends.  Some  promising  finds 
have  been  made,  and  these  may  develop 
into  profitable  reefs.  Apart  from 
Bendigo,  the  principal  interest  lies  in 
the  Woods  Point  district  and  in  open¬ 
ing  up  the  deep  leads  in  the  Castlemaine 
and  Talbot  districts. 

Victoria 

Gold  Mines  of  Australia  has  exer¬ 
cised  its  option  over  the  New  Morning 
Star  mine,  at  Woods  Point.  At  the 
New  Morning  Star,  which  is  the  most 
important  mine  in  the  Woods  Point 
district,  the  gold  occurs  in  narrow,  flat¬ 
dipping  quartz  reefs  in  a  wide  diorite 
dike.  No  known  ore  reserves  exist  at 
present,  but  the  prospects  along  the 
strike  and  depth  are  said  to  be  favorable. 

A  75-oz.  nugget  was  found  recently 
at  Dunolly,  which  is  the  home  of  the 
“indicator”  nuggets  in  Australia. 

Maude  &  Yellow  Girl  Gold  Mining, 
at  Glen  Wills,  is  encountering  rich  ore 
in  opening  up  the  Maude  mine.  Crush- 
ings  have  returned  more  than  20  dwt. 
per  ton,  with  a  high-grade  sulphidic 
tailing.  The  company  is  considering 
the  erection  of  a  plant  for  the  collection 
and  treatment  of  the  sulphide.  The 
mine  is  held  to  be  one  of  the  most 
promising  in  Victoria. 

Western  Australia 

Wiluna  Gold  Mines  treated  42,401 
tons  during  May  for  a  yield  of  11,165 
fine  ounces.  The  company  is  continu¬ 
ing  a  vigorous  policy  of  development. 
On  the  800-ft.  level  of  the  East  lode  an 
inclined  diamond  drill  at  1,800  ft.  south 
of  the  main  shaft  failed  to  encounter  the 
lode  at  a  depth  of  1,500  ft.,  and  a  second 
hole  is  being  drilled.  On  the  No.  2  West 
lode,  an  increase  of  width  with  depth  is 
a  favorable  feature.  At  the  1,100-ft. 
sublevel,  this  lode  is  40  ft.  wide.  On 
the  Bulletin  lease,  a  new  main  shaft  is 
being  sunk.  The  company  is  re-treating 
larger  tonnages  of  cyanide  residues. 
For  May  the  yield  was  307  fine  ounces 
from  2,871  tons. 

Unwatering  on  the  Lancefield  mine, 
at  Laverton,  is  proceeding  rapidly,  and 
good  progress  is  being  made  with  the 
erection  of  the  mill,  which  will  have  a 
capacity  of  10,000  tons  of  crude  ore 
monthly.  The  ore  will  be  finely  ground 
and  then  floated  in  a  Fahrenwald  ma¬ 
chine.  Concentrate  will  be  roasted  in 
Edwards  furnaces  and  cyanided,  the 
gold  being  precipitated  in  a  Merrill- 
Crowe  plant  of  the  latest  type.  Ore 
reserves  to  the  1,500-ft.  level  total  330,- 
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000  tons.  A  second  low-grade  orebody 
awaits  development. 

South  Kalgurli  Consolidated  is  in¬ 
stalling  a  portable  plant  to  treat  the  old 
battery  residues  of  the  Hainault  mine. 
The  capacity  is  50  tons  per  day. 

Lake  View  &  Star,  Kalgoorlie, 
has  acquired  the  several  leases  and 
plant  of  the  Associated  Gold  Mines  for 
100,000  shares  in  the  Lake  View  &  Star 
company.  The  Associated  has  carried 
out  extensive  development  work  during 
recent  years,  but  has  failed  to  find  ap¬ 
preciable  ore.  Equipment  on  the  Asso¬ 
ciated  Gold  property  includes  a  dry¬ 
crushing  plant,  which  has  been  treating 
5,000  tons  monthly. 

Extensions  to  the  Boulder  Persever¬ 
ance  bromo-cyanide  plant,  providing  a 
capacity  of  15,000  tons  monthly,  have 
been  completed.  North  Kalgurli  will 
treat  5.000  tons  monthly  at  this  mill. 

Queensland 

A  new  company  is  to  be  formed  in 
London  to  take  over  the  large  conces¬ 
sions  in  North  Queensland  granted 
three  years  ago  to  Commonwealth 
Mines  Preliminary  Syndicate.  The  con¬ 
cessions  are  mainly  in  the  Palmer  and 
Etheridge  districts. 

Golden  Plateau,  the  only  important 
company  operating  on  the  Cracow  field, 
continues  to  mill  high-grade  ore.  For 
the  four  weeks  ended  May  26,  the  yield 
was  2,450  oz.  from  1,640  tons.  Many 
of  the  small  prospecting  companies  have 
ceased  operations  at  Cracow. 

At  Mount  Coolon,  shrinkage  sloping 
of  the  orebody  above  the  No.  4  level  has 
l)een  almost  completed  and  the  end  of 
the  mine  is  in  sight.  The  plant  is  treat¬ 
ing  5,300  tons  monthly.  Below  No.  4 
level  the  mineral  structure  is  barren  of 
gold. 

Tasmania 

Mount  Lyell  Mining  resumed  mining 
operations  on  April  30,  after  a  period 
of  seven  weeks’  enforced  idleness  owing 
to  water  shortage.  For  the  six  months 
ended  March  31,  the  company  operated 
at  a  loss,  and  no  dividend  is  to  be  paid 
for  that  period. 

King  Island  Scheelite  Development 
has  been  formed  to  test  the  scheelite  de¬ 
posits  at  King  Island  by  diamond  drill¬ 
ing.  About  50,000  tons  of  ore  is  said  to 
be  available. 

New  Guinea 

Bulolo  Gold  Dredging  has  three 
dredges  in  full  commission.  Average 
total  yardage  is  615,000  monthly,  the 
yield  being  9,500  oz.  of  bullion,  or  6,700 
fine  ounces. 

Guinea  Gold  has  arranged  for  engi¬ 
neers  of  Placer  Development  to  test  an 
area  of  2,000  acres  in  the  Lakekanui- 
Tiveri  region. 
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Mexican  Mining  Boom  Continues 
.  .  .  Many  New  Ventures 


Mining  continues  to  boom  in  many 
Mexican  regions,  with  the  Minis¬ 
try  of  National  Economy  reporting  a 
large  number  of  new  developments. 
Atalaya  Mining,  for  instance,  has  started 
working  the  La  Josefina  mine,  at  Monte 
Atalaya,  San  Miguel  Totolopan  munici¬ 
pality,  Guerrero,  under  lease  from  Jose¬ 
fina  Mining  &  Development.  .  .  . 

Abraham  Lucas  is  operating  the  La  Paz 
tract,  at  Totela  de  Ocampo,  Puebla,  which 
he  has  leased  from  Negociacion  Minera 
La  Paz.  .  .  .  Serafin  Escamilla  is 

working  the  Santa  Clara  mine,  near 
Angangueo,  Michoacan.  .  .  .  The 

San  Francisco  tract,  Ramos  municipal¬ 
ity,  San  Luis  Potosi,  is  being  worked 
successfully,  and  ores  from  it  carry  sub¬ 
stantial  quantities  of  gold  and  a  large 
amount  of  silver  per  metric  ton.  .  .  . 

Japanese  interests  working  mercury  de¬ 
posits  in  Moctezuma  municipality,  San 
Luis  Potosi,  have  acquired  more  than 
400  lots  in  the  Charcas  region. 

Compania  del  Monte  is  completing  the 
installation  of  a  flotation  plant  of  30  tons’ 
capacity  daily  in  Tetinac  municipality, 
Guerrero,  to  treat  ore  from  its  La 
Armonia  mine.  Compania  Minera  Los 
Doce  Apostoles  is  building  a  similar 
plant  with  a  daily  capacity  of  20  tons  in 
Coxcatlun  municipality,  Guerrero. 

.  .  .  Cia.  Minera  El  Oro  is  working 

the  San  Jose  and  Abundancia  de  Oro 
mines  of  the  Providencia  tract,  Con¬ 
cordia  municipality,  Sinaloa.  .  .  . 

Cia.  Minera  Leadville  is  working  the 
Reino  del  Plomo  deposit,  Pitquito  munici¬ 
pality.  Cia.  Minera  Minas  Mulatos 
has  started  operating  the  La  Ventura, 
Mulatos  Grande,  Squatting  Squaw,  La 
Fortuna,  Estrella  de  Oro,  and  Nuevo 
Mulatos  tracts,  Mulatos  municipality. 
Cia.  Minera  La  Carrilena  is  operating 
in  Sahuaripa  municipality,  Sonora. 

National  Railways  of  Mexico  reports 
that  from  40  to  50  carloads  of  lead  a  day 
are  being  moved  to  Tampico  and  Nuevo 
Laredo  for  export  to  the  United  States 
and  Europe  and  predicts  that  if  lead  pro¬ 
duction  continues  at  its  present  pace 
Mexico  will  end  1934  with  a  record  out¬ 
put  of  about  500,000  metric  tons. 

Penoles  Mining  has  engaged  150  men 
for  work  on  its  Achotla  and  Texixco 
properties.  Guerrero.  .  .  .  Engi¬ 

neers  who  examined  holdings  of  the  Cia. 
Minera  de  Pantico,  at  Panuco,  Sinaloa, 
where  operations  ceased  several  years 
ago  because  of  unprofitable  work,  are 
said  to  have  reported  favorably,  and  ex¬ 
pectations  are  that  the  company  will  soon 
resume  activities.  .  .  .  Mazapil 

Copper  has  invited  all  employees  of  its 
Zacatecas  unit  who  were  laid  ofif  in 
August,  1930,  when  operations  were  sus¬ 
pended,  to  apply  for  reinstatement,  as  it 
is  planning  to  resume  working  the  unit 
on  a  six  months’  experimental  basis. 


The  Durango  State  Government  is 
seeking  a  loan  of  100,000  pesos  (about 
$28,000  U.  S.)  from  Mexico  City  banks 
to  finance  the  establishment  of  a  metal-  j  I 
treatment  plant  at  Durango  City  to  aid  ^ 
cooperative  societies  of  unemployed 
miners  which  the  Ministry  of  National 
Economy  has  organized  in  that  State. 

Such  societies  have  started  working  at  I 
Inde,  Villa  Ocampo,  San  Bernardo,  and  * 
El  Oro,  in  northern  Durango. 

The  Minerva  mine,  Asientos  munici¬ 
pality,  Aguascalientes,  has  started  oper-  I 
ating  and  will  soon  ship  ore  to  smelters  I 
in  San  Luis  Potosi  city.  The  El  Orito  " 
mine,  in  that  municipality,  is  being 
cleaned  and  prepared  for  an  early  re-  1 
sumption  of  operations.  .  .  .  Cia.  I 

Minera  de  la  Magdalena  y  Anexas, 
Temascaltepec,  Mexico,  is  preparing  to 
work  promising  veins  discovered  during 
exploration  of  its  mines.  ...  A  26- 
ton  ball  mill  is  being  installed  and  build¬ 
ings  are  under  construction  on  the  Fun- 
dos  Mineros  Carlos  Paheco,  Zacualpan, 
Me.xico.  Owners  of  this  property  are 
G.  C.  Thompson  and  Domingo  Pier, 
both  of  Mexico  City.  .  .  .  Raul 
Fiambres  has  started  work  on  the  Guada¬ 
lupe  mineral  tract,  Fronteras  municipal¬ 
ity,  Sonora,  and  is  arranging  to  begin 
operating  the  Mina  Pozo  Prieto,  in 
Caborca  municipality,  Sonora. 

San  Francisco  Mines  has  resumed 
work  in  all  its  mines  in  the  San  Fran¬ 
cisco  del  Oro  region,  Chihuahua.  ....  I 
Cia.  Minera  Asarco  has  installed  a  | 
cyanidation  plant  with  a  treatment  ca¬ 
pacity  of  eight  metric  tons  per  hour 
at  Santa  Barbara,  Chihuahua.  ... 

Ore  shipments  have  been  started  from  i 
the  Escondida  mine,  Quiriego,  Sonora, 
by  F.  A.  Byerly  and  A.  B.  Wallmark. 

Cia.  de  Metales  has  acquired  La 
Mexicana  and  San  Gabriel  mineral 
properties  in  Sahuaripa  municipality, 
Sonora,  and  has  started  exploring  for 
molybdenum  and  tungsten.  The  company 
is  building  a  small  capacity  concentra¬ 
tion  and  flotation  plant  for  treating  mo¬ 
lybdenum  ore.  .  .  .  Cia.  Minas  de 

Oro  San  Felix  y  Anexas  has  extended 
work  in  the  San  Juan  de  la  Chica  and 
San  Felix  zones,  near  Ciudad  Gonzalez, 
Guanajuato,  and  is  constructing  a 
smelter.  .  .  .  Cia.  Minera  El  Fraile 
is  working  mineral  lands  and  treatment 
plants  of  the  old  Cia.  Minera  La  Cruz  y 
Anexas  at  Mineral  de  Santa  Rosa,  El 
Arenal  municipality,  Hidalgo.  ... 

A  new  company  has  acquired  La 
Guadalupana  mine,  in  Coneto  munici¬ 
pality,  Durango,  and  is  unwatering 
the  shafts.  The  Bufa  mine,  in  that 
region,  has  begun  operating.  .  .  .  | 

Rich  gold-silver  veins  were  discovered  | 
during  explorations  in  the  mines  of  the  ^ 
Cia.  Minera  Magdalena  y  Anexas  in  the  | 
Temascaltepec  zone,  Mexico. 
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PERSONAL  ITEMS 


A.  D.  Hughes  is  operating  a  placer 
property  near  Nevada  City,  Calif. 

H.  S.  Munroe,  director  of  Rhokana 
Corporation,  has  left  London  for  North¬ 
ern  Rhodesia. 

Dr.  Anton  Gray  returned  to  London 
recently  from  South  America,  and  is 
now  en  route  to  the  United  States. 

Charles  Janin,  who  has  recently  been 
in  Nicaragua  on  professional  business, 
has  returned  to  San  Francisco. 

Alfred  B.  Sabin  is  carrying  on  a  pro¬ 
gram  of  flotation  and  cyanide  research 
on  Yellow  Aster  ores  at  Randsburg, 
Calif. 

W.  H.  Johnson  is  with  the  Gold 
Standard  Mines  Corporation,  at  King- 
man,  Ariz.,  in  the  capacitj'  of  ball-mill 
operator. 

Dr.  Otto  Sussman  is  visiting  East 
.\frica  and  will  inspect  the  copper  mines 
of  Northern  Rhodesia  on  his  return.  He 
is  on  vacation. 

Dr.  Bailey  Willis  has  been  elected 
president  of  the  Pacific  division  of  the 
American  Association  for  the  .\dvance- 
ment  of  Science. 

W.  V.  DeCamp  was  recently  ap¬ 
pointed  general  manger  of  the  Cardinal 
Gold  Mining  Company,  operating  at 
Bishop  Creek,  Bishop,  Calif. 

Rensselaer  H.  Toll,  mining  engineer, 
of  Los  Angeles,  was  recently  in  north¬ 
ern  California  and  southern  Oregon  for 
three  weeks,  on  professional  work. 

Ira  B.  Joralemon  has  gone  to  Alaska, 
where  he  will  visit  mines  and  unexplored 
regions  north  of  the  Arctic  Circle.  Mr. 
Joralemon  will  travel  by  air  exclusively. 

Arthur  D.  Storke,  managing  director 
of  Roan  Antelope,  Rhodesian  Selection 
Trust,  and  Mufulira  Copper,  left  North¬ 
ern  Rhodesia  for  London  the  middle 
of  July. 

Donald  McAskill,  general  manager  of 
the  International  Nickel  Company  of 
Canada,  has  been  appointed  president  of 
the  Ontario  Mining  Association  for  the 
current  year, 

Thayer  Lindsley,  Halstead  Lindsley 
and  J.  Gordon  Hardy  have  returned  to 
Toronto  from  a  visit  of  inspection  to 
the  refinery  in  Norway  of  Falconbridge 
Nickel  Mines. 

F.  W.  Libbey  is  at  Aguila,  Ariz.,  su¬ 
pervising  operations  at  the  Nellie  Meda 
Gold  Mines,  where  the  mill  recently  con¬ 
structed  by  Wenden  Copper  Company 
has  started  ore  treatment. 

Paul  Leduc,  K.C.,  of  Ottawa,  has 
been  appointed  Minister  of  Mines  for 
Ontario  in  the  newly  elected  Liberal  ad¬ 
ministration.  Mr.  Leduc  is  a  member 
of  the  bar  in  both  Ontario  and  Quebec. 

Harlowe  Hardinge,  vice-president  and 
general  manager  of  Hardinge  Company, 
Inc.,  York,  Pa.,  recently  returned  from 
Europe.  He  reports  business  in  Eng¬ 
land  as  excellent — up  to  that  of  1928 
and  1929. 


Jack  H,  Newsom,  of  this  year's  min¬ 
ing  class  of  the  Colorado  School  of 
Mines,  is  now  employed  in  the  mill  of 
Celo  Mines  at  Burnsville,  N.  C.  Mr. 
Newsom  received  the  D.  W.  Brunton 
award  at  Golden  this  year. 

F.  H.  Fovargue  recently  examined 
cinnabar  deposits  in  southwest  Arkansas. 
He  has  opened  an  office  for  consulting 
mining  engineering  on  non-ferrous  min¬ 
erals,  at  719  National  City  Bank  Build¬ 
ing,  Cleveland,  Ohio. 


Dr.  J.  V.  N.  Dorr  was  tendered  a  din¬ 
ner  on  July  17  by  the  technical  staff  of 
the  Dorr  Company  at  Westport,  Conn., 
in  celebration  of  the  thirtieth  anniversary 
of  his  invention  of  the  Dorr  classifier  at 
the  Lundberg,  Dorr  &  Wilson  mill, 
Terry,  S.  D.  A  number  of  mining  en¬ 
gineers  and  metallurgists,  early  asso¬ 
ciates  of  Dr.  Dorr,  were  also  invited.  A 
replica  of  the  original  classifier  was  in¬ 
spected  with  interest,  as  was  also  a  part 
of  the  mechanism  of  the  original  ma¬ 
chine,  brought  from  Terry  for  the  oc¬ 
casion.  Speakers  at  the  dinner  recalled 
their  experiences  wdth  the  early  classi¬ 
fiers  and  paid  tribute  to  the  marked  in¬ 
fluence  of  the  machine  on  the  extensive 
use  of  the  cyanide  process  throughout 
the  world.  Dr.  Dorr’s  invention  of  the 
classifier  in  1904  was  followed  by  the 
thickener  in  1906,  countercurrent  de¬ 
cantation  in  1910,  and  the  agitator  in 
1912.  all  of  which  gained  widespread  use 
in  the  metallurgical  and  industrial 
chemical  fields. 

J.  G.  McNiven,  metallurgical  engineer. 
Consolidated  Mining  &  Smelting  Com¬ 
pany  of  Canada,  Ltd.,  Kimberly,  B.  C., 
recently  visited  Georgetown,  Calif.,  to 
investigate  the  Hadsel  mill  installation 
at  the  Beebe  mine. 

F.  R.  Weekes  has  been  in  New  York 
for  a  visit,  and  will  return  to  his  prop¬ 
erty  (Yankee  Girl  Gold  Mine)  at  Ymir, 
B.  C.,  earh'  in  August.  Later  in  the 
year  he  expects  to  open  an  office  in  San 
Francisco  with  his  associate  E.  P.  Craw¬ 
ford. 

A.  H.  Koschmann,  associate  geolo¬ 
gist,  is  in  charge  of  a  party  sent  by  the 
United  States  Geological  Survey  in  the 
Ketchikan  district  of  southeastern  Alas¬ 


ka,  to  study  the  distribution,  extent,  and 
geologic  characteristics  of  the  mineral 
deposits  in  the  district. 

F.  C.  Lincoln,  professor  of  mining  at 
the  South  Dakota  School  of  Mines,  at 
Rapid  City,  S.  D.,  has  been  away  from 
Rapid  City  for  the  summer,  and,  after 
completing  work  in  Wyoming  and 
Colorado,  expects  to  go  to  the  Pacific 
Coast,  to  make  further  e.xaminations. 

R.  R.  Hall  is  now  acting  as  manager 
at  the  Condor  Gold  Mining  Company’s 
mill,  in  Mormon  Basin,  about  40  miles 
southeast  of  Baker,  Oregon.  The  mill 
is  working  on  gold  ore  by  a  combination 
of  amalgamation  followed  by  flotation 
and  tabling. 

Edward  K.  Pryor  has  recently  been 
with  Humbug  Gold  Mines,  Inc.,  of  Mor¬ 
ristown,  Ariz.,  designing,  constructing, 
and  placing  the  company’s  mill  in  opera¬ 
tion.  At  present  he  is  employed  by  the 
Arizona  Consolidated  Mining  Company, 
of  Humboldt,  Ariz.,  to  work  on  metal¬ 
lurgical  problems. 

Lawrence  B.  Wright  has  established 
offices  at  807  Commerce  and  Trans¬ 
portation  Building,  Toronto,  and  is  rep¬ 
resenting  a  Detroit  banking  group  as 
consulting  engineer  on  several  mining 
ventures,  including  the  St.  Anthony,  in 
Ontario,  and  the  Yankee  Girl,  in  Brit¬ 
ish  Columbia,  both  operating  gold  mines. 

W.  H.  Loerpabel,  until  recently  su¬ 
perintendent  of  the  American  Smelting 
&  Refining  Company’s  Santa  Eulalia 
and  Descubridora  units  in  Chihuahua, 
has  been  transferred  to  Matehuala, 
S.  L.  P.,  w’here  he  has  been  appointed 
superintendent  of  the  Cia.  Minera 
Kildun  and  Anexas.  The  American 
Smelting  &  Refining  Company  has  con¬ 
tracted  to  manage  Kildun  operations. 

H.  C.  Parmelee,  Editor  of  Engineer¬ 
ing  and  Mining  Journal  is  accompany-» 
ing  the  Princeton  University  Summer 
School  of  Geology  and  Natural  Re¬ 
sources  on  its  tour  of  Canada,  July  28 
to  Aug.  29.  The  party  will  visit  the 
principal  mining  districts  of  the 
Dominion. 

Hans  Lundberg  has  organized  his  own 
geophysical  prospecting  company  under 
the  name  of  Hans  Lundberg.  Ltd.,  with 
offices  at  122  East  42d  St..  New  York, 
N.  Y.,  at  903  Dominion  Square  Building. 
Montreal,  and  in  the  Lumsden  Building, 
Toronto.  The  new  company  has  ex¬ 
clusive  rights  in  North  and  Central 
America  to  all  of  the  patents  of  the  A.  B. 
Elektrisk  Malmletning.  of  Sweden,  and 
the  latter’s  subsidiary,  the  Swedish 
American  Prospecting  Corporation,  of 
New  York.  In  addition,  it  controls 
patents  issued  to  Mr.  Lundberg  him¬ 
self,  and  others  granted  jointly  to  him 
and  Theodor  Zuschlag,  who  is  now  as¬ 
sociated  with  him  as  consultant  in  the 
new  firm.  Mr.  Lundberg  has  been 
working  since  October,  1933,  in  Canada 
and  Newfoundland,  and  says  he  has 
found  it  possible  to  use  electrical  pros¬ 
pecting  methods  no  matter  what  the 
temperature  or  weather  conditions.  • 
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Carl  J.  Trauerman,  president  of  the 
Mining  Association  of  Montana,  recently 
visited  San  Francisco,  Grass  Valley,  Cal- 
Neva,  Tuscarora,  and  Salt  Lake  City. 
He  had  a  conference  on  federal  financial 
loans  to  mining  companies  with  Tasker 
L.  Oddie  and  J.  C.  Kempvanee,  Jr.,  re¬ 
spectively  president  and  executive  secre¬ 
tary  of  the  Gold  Mining  Association  of 
America,  of  which  Trauerman  is  a 
Montana  director.  The  conference  was 
held  at  the  Lake  Tahoe  home  of  Mr. 
Oddie.  He  held  another  conference 
with  Harry  S.  Joseph,  Utah  director, 
and  Reed  Smoot  at  Salt  Lake  City. 
Trauerman  left  Butte  the  latter  part  of 
July  for  Chicago,  New  York,  Boston, 
and  Washington,  D.  C.  While  in  the 
latter  city  he  will  consult  with  officials 
of  the  R.F.C.  on  features  of  the  mining 
loans  and  with  members  of  the  S.E.C.  to 
further  liberalize  the  rulings  under  the 
Securities  Act  of  1933,  so  as  to  facili¬ 
tate  the  financing  of  primary  mining 
companies.  He  is  making  temporary 
headquarters  at  the  Technology  Club,  in 
New  York  City. 


Cited  for  Bravery 

In  the  face  of  almost  certain  death, 
they  stayed  to  do  all  they  could  to  pro¬ 
tect  and  save  a  fellow  miner.  .  .  . 

Only  their  bravery  saved  a  life. 

Such  was  the  commendation  bestowed 
here  on  July  14  by  R.  E.  Tally,  presi¬ 
dent  of  the  United  Verde  Mining  Com¬ 
pany,  on  Benjamin  F.  Major  and  David 
H.  Jones,  mine  workers,  who  were  pre¬ 
sented  with  Joseph  A.  Holmes  “gold 
awards”  for  outstanding  bravery  in  sav¬ 
ing  the  life  of  a  fellow  employee  in  an 
accident  in  the  shovel  department.  Just 
after  noon  on  May  4,  1933,  a  premature 
shot  injured  one  man  severely  and 
pinned  another  under  a  large  rock  that 
became  dislodged.  Some  60  to  70 
boulders  had  been  drilled  and  loaded,  and 
about  fifteen  men  were  on  the  muckpile 
in  the  mine  spitting  fuse.  All  left  at 
once  to  seek  shelter,  except  Major  and 
Jones. 

“These  two  men,”  reads  the  citation 
for  bravery,  “realized  that  John  Stout, 
who  was  pinned  under  the  rock,  faced 
certain  death.  Fuses  were  burning  di¬ 
rectly  in  front  of  him  and  on  both  sides. 
There  was  little  time  left.  It  was  a 
matter  of  perhaps  a  minute,  but  the  two 
friends  stayed  to  pull  the  burning  fuse 
out  of  the  holes  nearest  Stout — a 
dangerous  operation.  They  did  not  have 
time  to  pull  all  of  the  lighted  fuse,  but 
kept  at  their  w'ork  until  the  shots  began 
to  go  off.  Jones  was  thrown  down  by 
the  force  of  one  shot,  but  escaped  in¬ 
jury.  He  lay  there  while  twelve  to 
fifteen  shots  exploded  all  about  him. 
Major  went  to  Stout’s  assistance  and 
was  trying  to  free  him  while  the  shots 
were  exploding.  Neither  was  injured. 
Stout  finally  was  released  with  only  bad 
bruises  to  show  for  his  harrowing  ex¬ 
perience.  “Without  a  shadow  of  a 
doubt,”  the  report  continues,  “Stout’s 
life  was  saved  only  because  of  the  cool 
nerve  and  great  courage  possessed  by 
Major  and  Jones,  who  in  the  face  of 
almost  certain  death,  stayed  to  do  all 
they  could  to  protect  and  save  a  fellow 
miner.  Only  their  bravery  saved  a  life.” 

Major  and  Jones  received  the  highest 
awards — gold  medals  and  certificates. 


David  H.  JunrH  (left)  and 
Benjamin  F.  Major 


OBITUARY 

William  T.  O’Donnell,  long  connected 
with  the  El  Oro  mines,  Mexico,  died 
in  Mexico  City  on  July  4.  He  was  65 
years  old. 

Charles  Parks  was  shot  to  death  re¬ 
cently  at  Talpa,  Jalisco.  The  slayers 
were  captured  and  brought  to  Guadala¬ 
jara  for  trial. 

Alberto  Flores,  mining  engineer  and 
honorary  president  of  the  board  of  di¬ 
rectors  of  the  Cia.  Minera  de  Angustias, 
Dolores  y  Anexas,  S.  A.,  died  in  Mexico 
City  on  June  29,  aged  67  years. 

Edmund  Kearsley  Swigart,  senior 
vice-president  of  the  Bucyrus-Erie  Com¬ 
pany,  South  Milwaukee,  Wis.,  died  at 
Ballard  Lake,  Vilas  County,  Wis.,  on 
July  7,  in  the  67th  year  of  his  age.  He 
joined  Bucyrus-Erie  Company  in  1891. 

W.  A.  Clark,  Jr.,  57,  son  of  former 
United  States  Senator  W.  A.  Clark,  cop¬ 
per  magnate,  died  recently  at  his  sum¬ 
mer  home  at  Swan  Lake,  Montana.  He 
was  the  last  male  member  to  bear  the 
family  name,  his  son  having  been  killed 
in  an  airplane  crack-up  in  Arizona  a  few 
years  ago.  W.  A.  Clark,  Jr.,  managed 
most  of  his  father’s  Butte  mining  prop¬ 
erties  from  1910  until  they  were  sold  to 
the  Anaconda  Cooper  Mining  Company. 

William  Hastings  Bassett,  newly 
elected  president  of  the  American  So¬ 
ciety  for  Testing  Materials,  died  at  his 
home  in  Cheshire,  Conn.,  on  Saturday, 
July  21.  He  was  sixty-six  years  of  age. 
Mr.  Bassett,  a  pioneer  metallurgist  in 
the  non-ferrous  metal  industry  and  di¬ 
rectly  concerned  with  many  of  its  tech¬ 
nologic  advances,  was  metallurgical 
manager  for  American  Brass  Company, 
Waterbury.  He  was  a  past-president  of 
the  American  Institute  of  Mining  and 


Metallurgical  Engineers  (1930)  and  a 
former  director  of  the  American  Insti¬ 
tute  of  Chemical  Engineers. 

Arthur  Thacher — 

An  Appreciation 

No  man  ever  worked  for  Arthur 
Thacher  but  was  loyal  to  him — loyal  in 
heart  and  mind.  His  men  never  ques¬ 
tioned  his  motives.  They  knew  he  be¬ 
lieved  them  to  be  right,  and  that  suf¬ 
ficed.  They  knew  he  had  always  their 
interests  at  heart;  that  he  was  incapable 
of  doing  anything  that  was  not  fair  and 
just  to  them.  They  knew  his  sympa¬ 
thetic  nature,  his  ready  appreciation  of 
their  troubles,  his  willingness  at  all 
times  to  hear  and  correct  any  legitimate 
grievance.  No  worker  at  the  mines 
under  his  control  was  ever  too  humble 
to  be  able  to  talk  to  the  boss,  man  to 
man. 

Arthur  Thacher  had  the  rare  faculty 
of  inspiring  his  men  to  do  their  utmost 
without  ever  urging  them  to  do  so.  His 
coming  to  the  mines  was  an  event. 
Men  worked  harder  to  have  the  stopes 
in  good  condition  for  him.  They  looked 
for  his  friendly  greeting,  his  word  of 
commendation.  He  told  me  once,  with 
his  characteristic  modesty,  that  he  was 
frequently  surprised  to  find  his  men  ac¬ 
complish  results  for  which  they  gave 
him  credit,  and  which,  he  said,  he  had 
really  doubted  could  be  achieved.  In 
fact,  he  added,  “I  just  told  them  what 
I’d  like  to  see  them  do  and  then  went 
away — and  they  did  it.” 

The  keynote  of  Thacher’s  success  as 
a  leader  lay,  according  to  his  constant 
repetition  of  the  word  to  his  friends,  in 
cooperation.  No  organization  can  suc¬ 
ceed,  he  would  say,  without  the  united 
efforts  of  everyone  behind  it,  working 
for  a  common  purpose.  It  was  the  main 
function  of  the  leader  to  promote  this 
cooperation,  not  only  mechanically  but 
in  purpose  as  well.  His  men  knew  him 
to  be  inflexible  of  purpose.  Once  con¬ 
vinced  of  the  merit  of  a  thing,  he  would 
see  it  through  despite  all  discourage¬ 
ment.  He  did  not  know  the  meaning  of 
vacillation.  He  was  intolerant  of  waste, 
but  he  never  sought  economy  at  the  ex¬ 
pense  of  efficiency.  His  mind  moved 
swiftly  and  simply  in  the  solving  of 
operating  problems  in  the  mine,  in  the 
field,  or  in  the  office.  He  believed  im¬ 
plicitly  that  the  engineer’s  duty  was  to 
work  his  mine  clean;  that  it  was  bad 
engineering  to  leave  any  ore  behind  that 
could  ever  be  mined  profitably.  When 
he  finished  with  a  property,  posterity 
would  find  little  to  reward  them.  All  of 
us  who  knew  him  remember  his  little 
black  book  containing  the  cost  figures 
of  the  various  mines  under  his  control. 
It  never  left  his  side.  He  had  an  exact 
knowledge  of  the  cost  of  every  opera¬ 
tion  at  the  mines,  and  his  memory  for 
details  of  the  work  extending  over  many 
years  was  extraordinary. 

All  great  engineers  inspire  respect 
from  their  men;  some  inspire  love  along 
with  respect.  Arthur  Thacher  was  one 
of  this  rarer  group.  His  character  was 
revealed  in  a  remark  he  made  once  to  a 
group  of  us,  “They  say  they  make  good 
engineers  at  that  property.  Well,  we 
try  to  do  it  here  also.  But  we  try  to 
make  good  men  first.” 

W.  F.  Boericke. 
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EQUIPMENT  NEWS 


New  Acid-Resisting  Material 
For  Battery  Separators 

Separators  made  of  what  is  known 
as  Exide  Mipor  are  now  being  used  in 
Exide  Ironclad  batteries,  made  by  Elec¬ 
tric  Storage  Battery  Company,  Phila¬ 
delphia.  The  new  material  is  a  form  of 
vulcanized  rubber,  made  in  sheets  and 
permeated  with  countless  microscopic 
passages  which  permit  free  diffusion  of 
the  electrolyte.  These  holes  are  so 
small  that  the  most  minute  solid 
particles  of  active  material  cannot  pass 
through  them. 

The  vulcanized  rubber  used  is  one  of 
the  most  highly  acid-resisting  materials 
known.  As  a  result,  the  separators  are 
not  affected  by  the ’electrolyte,  and,  be¬ 
cause  they  are  vulcanized  with  heat  in 
making  them,  they  are  proof  to  the  heat 
developed  in  the  battery.  They  are  suf¬ 
ficiently  strong  mechanically  to  with¬ 
stand  vibration  and  other  rough  con¬ 
ditions  of  service.  Exhaustive  tests  are 
said  to  have  shown  that  the  new  material 
lasts  indefinitely,  functioning  as  a  perma¬ 
nent  electrical  insulator,  yet  always  per¬ 
mitting  complete  diffusion  of  the  elec¬ 
trolyte.  The  manufacturer  attributes  great 
importance  to  this  development. 


Lengthens  Screen  Life 

.\n  improved  alloy  has  been  perfected 
by  the  Ludlow-Saylor  Wire  Company, 
St.  Louis,  for  its  heavy-duty  woven- 
wire  screens  and  wire  cloth.  In  addition 
to  hardness  and  toughness,  the  new  al¬ 
loy,  which  is  known  as  “Super-Loy,”  is 
said  to  give  wires  made  from  it  a  re¬ 
silience  which  adds  to  their  wear-resist¬ 
ing  properties.  By  careful  crimping  and 
fabrication  this  resilience  is  used  to  in¬ 
crease  the  interlocking  pressures  which 
grip  the  wires  at  their  intersections.  By- 
fabricating  in  this  manner,  wear  is 
eliminated  between  wires,  this  contributing 
to  longer  life. 


Agitation  in  the  Laboratory 

laboratory  type  of  the  Denver 
(Wallace)  Super-Agitator  is  shown  in 
accompanying  cut.  It  is  used  for  prob¬ 
lems  involving  agitating,  mixing,  and 
conditioning  of  various  pulps.  It  can  be 
utilized  for  cyanide,  flotation,  and  indus¬ 
trial  and  chemical  tests,  where  required 
for  batch  work.  Agitation  is  secured  by 
a  rotating  propeller  which  draws  pulp 
down  a  central  standpipe.  Speed  can  be 
changed  by  a  step  cone  pulley  or  vari¬ 
able  diameter  pulley  to  regulate  the  de¬ 
gree  of  mi.xing  and  aeration,  .^ir  or 
gas  introduced  can  be  controlled  and  is 
beaten  into  the  pulp,  giving  thorough 
diffusion.  Three  sizes  of  glass  jars  and 
two  agitators  are  furnished  as  standard 
equipment  with  the  single  unit,  thus  giv¬ 
ing  flexibility.  Chromium  plated  parts 
prevent  corrosion.  Denver  Equipment 
Company,  Denver,  Colo.,  is  the  manu¬ 
facturer. 


INDUSTRIAL  NOTES 


The  Swedish-American  Prospecting 
Corporation,  26  Beaver  St.,  New  York, 
and  the  A.  B.  Elektrisk  Malmletning,  of 
Sweden,  have  been  merged  with  the 
Svenska  Diamant  Bergbornnings  A.  B., 
which  is  engaged  in  diamond  drilling 
work  and  has  its  headquarters  in 
Sweden. 

Atlas  Powder  Company  and  its  subsid¬ 
iary,  the  Giant  Powder  (Company,  Consol¬ 
idated,  of  San  Francisco,  have  been  com¬ 
bined.  All  business  of  the  latter  will  be 
conducted  under  the  name  of  Atlas  Pow¬ 
der  Company,  Giant  Division. 

W.  S.  Tyle*"  Co.,  Cleveland.  Ohio,  has 
acquired  all  United  States  patents  and 
pending  patent  applications  under  which 
a  complete  line  of  vibrating  screens  and 
washing  and  scrubbing  apparatus  has 


heretofore  been  made  by  the  Niagara 
Concrete  Mixer  Co.,  Buffalo,  N.  Y. 

.American^  Cyanamid  &  Chemical  Cor¬ 
poration  has  acquired  the  plant,  properties, 
and  business  of  Burton  Explosives,  Inc., 
Cleveland.  Ohio.  The  explosives  plant  is 
at  New  Castle.  Pa.  The  business  of  Bur¬ 
ton  PLxplosives,  Inc.,  will  be  carried  on  as 
the  Burton  Explosives  Division  of  the 
American  Cyanamid  Company. 

Canadian  Longyear,  Ltd.,  of  North  Bay, 
Ont.,  and  E.  J.  Longyear  Manfacturing 
Company,  of  Marquette,  Mich.,  announce 
that  the  Western  Machinery  Company,  Ltd., 
of  Perth,  Western  .\ustralia,  has  been 
appointed  sole  factor  for  the  sale  of  Long¬ 
year  diamond  drills  and  supplies  in 
Australia. 

Canadian  imports  of  mining  machin¬ 


ery  from  the  United  States  have  in¬ 
creased  substantially  since  last  summer, 
according  to  a  report  from  Consul 
Damon  C.  Woods,  Toronto,  made  pub¬ 
lic  by  the  United  States  Department  of 
Commerce.  During  the  twelve  months 
ending  April  30,  1934,  such  imports 
were  valued  at  $1,149,723,  compared  with 
$882,187  in  the  preceding  twelve 
months’  period.  Canadian  imports  of 
mining  machinery  from  the  United 
Kingdom  during  the  same  period  were 
valued  at  $483,032,  compared  with 
$382,116  for  the  preceding  twelve 
months. 

July  1  marked  the  twenty-fifth  anni¬ 
versary  of  the  McGraw-Hill  Book  Com¬ 
pany,  which  was  formed  in  1909  by  the 
merger  of  the  book  departments  of  the 
McGraw  Publishing  Company  and  the 
Hill  Publishing  Company.  This  was 
eight  years  before  the  publishing  com¬ 
panies  themselves  were  brought  to¬ 
gether.  In  the  25-year  period  the  Book 
Company  has  published  an  impressive 
array  of  titles  in  mining  and  metallurgy 
by  authors  of  prominence  and  authority 
in  the  profession  and  industry. 

Bulletins 

I’ninters  for  Rock  Drillers.  Ingersoll- 
Hand  Co.,  New  York.  A  handbook  of  prac¬ 
tical  information  and  a  catalog  of  the  com¬ 
pany’s  drills,  compressors,  and  related 
equipment.  Pp.  156. 

Centrifagal  Pnmps  for  Acids  and  Alka¬ 
lies.  Duriron  Co.,  Dayton,  Ohio.  Bulletin 
172. 

Starters  for  Squirrel-cage  Induction  Mo¬ 
tors.  General  Electric  Co.,  Schenectady, 
X.  Y.  Bulletin  GEA-1979  on  GE  reduced- 
voltage  starters  of  the  auto-transformer 
type.  Pp.  10. 

Vibrating  Screens.  Link-Belt  Co.,  Chi¬ 
cago.  Catalog  Xo.  1462. 

Locomotive  Cranes.  Link-Belt  Co.,  Chi¬ 
cago.  Catalog  Xo.  1595. 

Steel  IVheels  and  .Vxles.  Hadflelds,  Ltd., 
Sheffield,  England.  Pp.  4. 

Welfllng  and  Fabricating  Stainless  Clad 
Steel.  Ingersoll  Steel  &  Disc  Co.,  Chicago. 
.4  manual  of  procedure.  Pp.  15. 

Impact  (.Vir  Separation)  Pniveriters. 
Whiting  Corporation,  Harvey,  Ill.  Bulle¬ 
tin  13.  Pp.  8. 

Packings.  Johns-Manville,  Xew  York. 
Catalog  covering  60  different  types.  Pp.  4S. 

Flotation.  Denver  Equipment  Co..  Den¬ 
ver,  Colo.  Leaflet  on  Denver  “Sub-A” 
rubber  impellers. 

Rotary  Continuous  A’acuum  Filters.  Den¬ 
ver  Equipment  Co.,  Denver,  Colo.  Bulletin 
3417.  One  page. 

Vertical  Centrifugal  Sand  Pnmps.  Denver 
Equipment  Co.,  Denver,  Colo.  Bulletin 
3426.  One  page. 

Research  Microscopes.  Bausch  &  Lomb 
Optical  Co.,  Rochester,  X.  Y.  Catalog 
D-129.  Pp.  24. 

Detachable  Bits.  Ingersoll-Rand  Co.. 
Xew  York.  Bulletin  2012-C  on  "Jackbits." 
Pp.  8. 

Bronze  Snrfacing.  Linde  Air  Products 
Co.,  Xew  York.  Bulletin  F-2297,  “The  Main¬ 
tenance  of  Reciprocating  Parts.”  Pp.  8. 
Also  an  8-page  booklet  entitled  “101  Uses 
for  the  Air  Acetylene  Flame.” 

Clay  Working  Machinery.  Patterson 
Foundry  &  Machine  Co.,  East  Liverpool, 
Ohio.  Catalog  341.  Pp.  80. 

Dust  Protection.  Mine  Safety  Appliances 
Co.,  Pittsburgh.  Pa.  Bulletin  CR-1,  M-S-A 
Comfo  respirator. 
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SUMMARY  OF 


MONTHLY  COMMENT .  .  .  DAILY  AND  AVERAGE  MONTHLY 


Except  for  a  good  volume  of 
business  in  lead  placed  over  the 
first  three  weeks  of  the  month, 
trading  in  major  non-ferrous  metals 
was  inactive  in  July.  Prices,  in  the 
main,  moved  within  narrow  limits.  In¬ 
dustrial  activity  declined  to  a  greater 
extent  than  had  been  expected,  and,  in 
addition,  the  business  outlook  was  ob¬ 
scured  by  widespread  political  unrest 
in  Europe,  labor  difficulties  here,  and 
falling  security  prices. 

The  E.  &  M.  J.  index  of  non-ferrous 
metal  prices  for  July  was  70.19,  against 
69.32  in  June,  and  69.04  in  July  last 
year.  The  higher  July  average  for  Blue 
Eagle  copper  in  the  domestic  market 
was  largely  responsible  for  the  rise  in 
our  index. 

Domestic  Blue  Eagle  copper  was 


maintained  at  9c.,  Valley,  througl^out 
July.  Sales  during  July  totaled  around 
4,200  tons,  against  more  than  49,000 
tons  in  the  month  previous.  The  per¬ 
manent  buying  agreement  has  been 
drafted  by  the  Copper  Code  Authority 
and  provides  for  the  purchase  on  the 
part  of  the  consumer  of  a  certain  per¬ 
centage  of  new  sales  commitments  and 
an  estimate  of  what  this  tonnage  will 
involve.  The  consumer  reserves  the 
right  to  make  changes  and  cancel  the 
agreement  if  the  changes  suggested  by 
the  consumer  are  not  acceptable.  The 
foreign  market  opened  the  month  at 
7.525c.,  c.i.f.  European  ports,  and  closed 
at  7.225c.  Foreign  consumers  of  cop¬ 
per  believe  that  production  outside  of 
the  United  States  is  in  excess  of  im¬ 
mediate  requirements,  which,  in  brief. 


accounts  for  the  weakness  in  the  Euro¬ 
pean  market. 

United  States  deliveries  of  copper 
during  the  first  seven  months  of  1934 
were  estimated  at  294,000  tons.  Do¬ 
mestic  production  of  copper  in  this 
period  amounted  to  about  212,000  tons. 

Lead  sales  were  stimulated  by  the  re¬ 
cent  fall  in  the  price  to  the  basis  of 
3.75c.,  New  York,  and  3.60c.,  St.  Louis. 
Consumers  absorbed  fully  30,000  tons  of 
metal,  which  caused  the  price  to  rise 
moderately.  The  demand  ceased  at  the 
higher  level,  and  before  the  end  of  the 
month  the  priec  fell  back  to  the  former 
price.  Stocks  of  refined  lead  at  the  end 
of  June  totaled  238,181  tons,  against 
233,245  tons  a  month  previous. 

Curtailment  in  production  of  zinc 
concentrate  served  to  steady  zinc  prices. 


United  States  Market 

-fSectrolytlc  Copper^  Straits  Tin  . - Lea 


July 

. — Domestic — , 
(o)  (6) 

Export 

(c) 

New  York 

New  York 

St.  Louis 

St.  Louis 

2 

9.00 

8.775 

7.500 

51.250 

3.75 

3.60 

4.350 

3 

9.00 

8.775 

7.375 

51.300 

3.75 

3.60 

4.350 

4 

- Holiday - 

7.350 

- Holiday- — - - 

5 

9.00 

8.775 

7.375 

52.000 

3.75 

3.60 

4.325@4.350 

— 

6 

9.00 

8.775 

7.400 

51.950 

3.75 

3.60 

4.350 

> 

7 

9.00 

8.775 

7.350 

52.000 

3.75 

3.60 

4.350 

9 

9.00 

8.775 

7.350 

51.850 

3.75 

3.60 

4.350 

10 

9.00 

8.775 

7.100 

51.800 

3.75 

3.60 

4.325@4.350 

II 

9.00 

8.775 

7.125 

51.850 

3.75 

3.60 

4.325@4.350 

12 

9.00 

8.775 

7.150 

51.850 

3.75 

3.60 

4.325@4.350 

^  1 

13 

9.00 

8.775 

7.150 

51.900 

3.75 

3.60 

4. 300 @4.  325 

14 

9.00 

8.775 

7.175 

51.900 

3.75 

3.60 

4.300 

1 6 

9.00 

8.775 

7.100 

51.900 

3.75 

3.60 

4.300 

17 

9.00 

8.775 

7.100 

51.950 

3.75 

3.60 

4.300 

“  s 

18 

9.00 

8.775 

7.100 

51.875 

3.75 

3.60 

4.300 

19 

9.00 

8.775 

7.125 

51.950 

3.75@3.80 

3.60@3.65 

4  300 

20 

9.00 

8.775 

7.100 

51.950 

3.75@3.85 

3.65@3.70 

4.300 

21 

9.00 

8.775 

7.  too 

51.950 

3.80@3.85 

3.65@3.70 

4.300 

23 

9.00 

8.775 

7.100 

51.950 

3.85 

3.70 

4.300 

24 

9.00 

8.775 

6.950 

52.150 

3.85 

3.70 

4.300 

25 

9.00 

8.775 

6.950 

52.375 

3.85 

3.70 

4.300 

26 

9.00 

8.775 

6.950 

52. 150 

3.85 

3.70 

4.300 

•  -  1  ' 

27 

9.00 

8.775 

6.975 

52.100 

3.75 

3.60 

4.300 

28 

9.00 

8.775 

6.950 

52.100 

3.75 

3.60 

4.300 

30 

9.00 

8.775 

6.975 

52. 100 

3.75 

3.60 

4.300 

31 

Av.  for 

9.00 

8.775 

6.925 

52.100 

3.75 

3.60 

4.300 

month] 

8.775 

7. 146 

51.930  3.772 

Averages  for  Week 

3.623 

4.317 

4 

8.775 

7.479 

51.205 

3.770 

3.620 

4.330 

'I  ' 

1  1 

8.775 

7.283 

51.908 

3.750 

3.600 

4.344 

18 

8.775 

7.129 

51.896 

3.750 

3.600 

4.308 

25 

8.775 

7.054 

52.054 

3.825 

3.679 

4.300 

Calendar  Week  Averages 
7.392  51.700  3.750 
7.175  51.858  3.750 
7.104  51.929  3.775 
6.979  52.138  3.817 


Silver,  Gold,  and  Sterling  Exchange 
New  York  and  London 


'—Sterling  Eichange- 

“90-day 

July  "Checks”  Demand” 


^  - - Silver - 

(d) 

New  York  London 


- Gold - — > 

(e)United 
London  States 


2 

5.04500 

5.04750 

46.5000 

21.0000 

137s  10  d 

3 

5.06125 

5.06250 

46.6250 

20.8125 

137s 

7id 

4 

-Holiday — 

20.6875 

137s 

5  d 

5 

5.05375 

5.05500 

46.7500 

20.8750 

1378 

7  d 

6 

5.04250 

5.04375 

46.5000 

20.7500 

1378 

9  d 

7 

5.04000 

5.04125 

46.7500 

20.8125 

1378  lOld 

9 

5.03750 

5.03875 

46.5000 

20.7500 

1378  IMd 

10 

5.03500 

5.03625 

46.1250 

20.5625 

I38e 

id 

II 

5.04000 

5.04125 

46. 5000 

20.6875 

I37e  II  d 

12 

5.03625 

5.03750 

46.6250 

20.7500 

I37b  lUd 

13 

5.03625 

5.03875 

46.3750 

20.5625 

138s 

id 

14 

5.03875 

5.04000 

46.3750 

20.6250 

1388 

16 

5.03875 

5.04000 

46.3750 

20.6250 

137s  Hid 

17 

5.04000 

5.04125 

46.3750 

20.4375 

1378  11  d 

18 

5.03500 

5.03625 

46.6250 

20.5625 

1388 

19 

5.04250 

5.043125 

46.5000 

20.4375 

137s  10  d 

20 

5.03875 

5.03875 

46.5000 

20.4375 

1378  lOid 

21 

5.04125 

5.04125 

46.2500 

20.3125 

1378 

9id 

23 

5.04000 

5.04000 

46.0000 

20.1875 

1378  lOid 

24 

5.04000 

5.04000 

46.0000 

20.2500 

1378  11  d 

25 

5.03875 

5.04000 

46.1250 

20.2500 

I37b  Hid 

26 

5.03750 

5.03750 

46.0000 

20.2500 

1388 

27 

5.03500 

5.03500 

45.7500 

20.0625 

1388 

id 

28 

5.03500 

5.03625 

45.7500 

20.1250 

138s 

id 

30 

5.03500 

5.03750 

45.7500 

20.1875 

1388 

id 

31 

5.03375 

5.03500 

46.1250 

20.3125 

I38b 

id 

Av.  for 

month  5.03990 

46.310 

20.512 

Averages  for  Week 

4  5.05025  .  46.325  . 

II  5.04146  .  46.521  . 

18  5.03750  .  46.458  . 

25  5.04021  .  46.229  . 

Calendar  week  averages:  New  York  Silver,  July  7,  46.625;  July  14, 
46.417;  July  21,  46.438;  July  28,  45.938. 


(а)  Quotation  issued  by  the  Code  Authority  for 
copper  offered  for  sale  in  the  domestic  market  pur¬ 
suant  to  the  provisions  of  the  Copi>er  Code. 

(б)  Net  prices  at  refineries  on  tne  Atlantic  sea¬ 
board,  being  Code  Authority  prices,  less  delivery 
and  interest  charges  of  0.22^.  per  lb.  which  is  the 
averaM  differential  for  delivery  in  New  England. 

(e)  Export  quotations  for  copper  are  net  prices  at 
refineries  on  the  Atlantic  seaboard  and  include  sales 
of  domestic  copper  in  the  foreign  market.  The 
c.i.f.  Hamburg,  Havre,  and  Liverpool  basis  com¬ 
mands  a  premium  of  0.300c.  per  pound  above  our 
f.o.b.  refinery  quotation 


_  Excepting  “Blue  Eagle”  copper,  the  above  q^uota- 
tions  are  our  appraisal  of  the  major  United  States 
markets,  based  on  sales  reported  by  producers  and 
agencies.  All  prices  are  in  cents  per  pound. 

Copper,  lead  and  sine  quotations  are  based  on 
sales  for  both  prompt  and  future  deliveries;  tin 
quotations  are  for  prompt  delivery  only. 

Quotations  for  copper  are  for  the  ordinary  forma 
of  wirebars  and  ingot  bars 

Quotations  for  sine  are  for  ordinary  Prime  Western 
brands.  Zinc  in  New  York  is  quoted  at  0.35c.  per 
pound  above  St.  Louis,  this  being  the  freight  differ¬ 
ential.  Contract  prices  for  High-Grade  sine  de¬ 


livered  in  the  East  and  Middle  West  in  nearly  all 
instances  command  a  premium  of  Ic.  per  pound  over 
the  current  market  for  Prime  Western  but  not  lees 
than  the  E.  &  M.  J  average  for  Prime  Western  for 
the  previous  month. 

Quotations  for  lead  reflect  prices  obtained  for 
common  lead,  and  do  not  include  grades  on  which 
a  premium  is  asked. 

(d)  Silver  other  than  newly  mined  domestiei 
Under  Executive  order  issued  Dec.  31,  1933,  the 
U.  S.  Government  price  on  pewly  min^  domestic 
silver  was  established  at  64ic.  per  troy  ounce. 

(e)  U.  S.  Treasury's  gold  price. 
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I  THE  MARKETS 

I  PRICES  OF  METALS  .  .  .  MISCELLANEOUS  QUOTATIONS 

London  Market 


July 

-  — Standard - > 

Spot  3  Mo. 

Electrolytic 

(Bid) 

- Tin- 

Spot 

3  Mo. 

- Lead- 

Spot 

3  Mo. 

- Zlne 

Spot 

3  Mo. 

2 . 

31.2500 

31.6875 

34.2500 

226.7500 

226.5000 

10.8750 

11.1875 

13.9375 

14. 1875 

3 . 

30.4375 

30.8750 

33.7500 

226.2500 

226.2500 

10.7500 

11.0625 

13.7500 

14.0000 

4 . 

30.3750 

30.7500 

33.5000 

228.2500 

227.7500 

10.7500 

1 1 . 0000 

13.8750 

14.1250 

5 . 

30.7500 

31.1875 

34.0000 

232.0000 

231.2500 

10.8125 

11.1250 

13.9375 

14.1875 

6 . 

30.7500 

31.0625 

33.8750 

230.2500 

229.5000 

10.7500 

11.0625 

13.7500 

14. 1250 

9 . 

30.5000 

30.8125 

33.5000 

230.5000 

229.5000 

10.7500 

1 1 . 0000 

13.5625 

13.9375 

10 . 

29.6250 

30.0000 

32.5000 

230.2500 

229.5000 

10.6875 

10.9375 

13.3125 

13.6875 

II . 

29.6875 

30.0625 

32.7500 

230.7500 

229.7500 

10.8750 

11.1250 

13.4375 

13.8125 

12 . 

29.9375 

30.3125 

33.0000 

230.8750 

230.0000 

10.8125 

1 1 . 0625 

13.3750 

13.6875 

13 . ■ 

30.0000 

30.3125 

33.0000 

230.6250 

230.0000 

10.7500 

1 1 . 0000 

13.3125 

13.6250 

16 . 

29.4375 

29.8125 

32.5000 

230.5000 

230.0000 

10.8750 

11.1250 

13. 1875 

13.5000 

17 . 

29. 1875 

29.5625 

32.0000 

230.7500 

230.2500 

10.6875 

10.9375 

13.0625 

13.2500 

18 . 

29 . 5000 

29.8750 

32.5000 

230.5000 

230.2500 

10.9375 

11.1250 

13.3750 

13.5000 

19 . 

29.5000 

29.8125 

32.5000 

230.3750 

230.2500 

10.7500 

1 1 . 0000 

13.2500 

13.5000 

20 

29.5000 

29.8750 

32.5000 

230.3750 

230.2500 

10.8125 

11.0625 

13.4375 

13.5000 

23 

29.4375 

29.8125 

32.5000 

230.3750 

230.2500 

10.6875 

10.9375 

13.3125 

13.4375 

24 . 

28.8125 

29.1250 

32.0000 

230.2500 

230.2500 

10.6875 

10.9375 

13.2500 

13.3750 

25 . 

28.8750 

29.2500 

32.0000 

233.3750 

233. 1250 

10.7500 

10.9375 

13.3125 

13.4375 

26 . 

29. 1875 

29.5625 

32.2500 

231.5000 

231.3750 

1 1 . 0000 

11.1875 

13.4375 

13.6250 

27 . 

28.9375 

29.3125 

32.2500 

231.3750 

231.3750 

10.8750 

11.0625 

13.4375 

13.6250 

30 . 

29.0625 

29.4375 

32.2500 

231.2500 

231.2500 

10.9375 

11.0625 

13.4375 

13.6250 

31 . 

28.8125 

29. 1250 

31.7500 

231.2500 

231.2500 

11.0625 

11.0625 

13.5000 

13.5000 

.\v.  for  month . 

29.707 

32.778 

230.381 

10.813 

11.045 

13.466 

13.693 

Current  Prices — Miscellaneous  Metals,  Ores,  and  Non-Metallic  Minerals 


Quotations  cover  wholesale  lots,  prompt  shipment,  f.o.b.  New  York, 
unless  otherwise  stated. 

(Auk.  1. 1934) 

Miscellaneous  Metals 


Aluminum,  ingot,  99  per  cent  plus,  lb . 

Antimony,  domestic  and  Chinese  (duty  paid)  ,1b . 

Bismuth,  ton  lots,  lb . 

Cadmium,  lb . 

Chromium,  97  percent  grade,  lb . 

Nickel,  electrolytic  cathodes,  lb  . 

Magnesium,  99.8  per  cent,  carloads,  lb . 

Palladium,  troy  o* . 

Platinum,  troy  oa . 

Quicksilver,  flask  of  76  lb . 

bdlum,  mg.  radium  content . 

Selenium,  99.5  per  cent,  lb . 

Silicon,  minimum  97  per  cent,  spot,  lb . . 

Tellurium,  lb . 

Thallium,  1001b.  or  more,  lb . 

Utanium,  96  to  98  per  cent,  lb . 

Zirconium,  commercially  pure,  lb . 


23.30c. 
8.  125c. 
$1.20 
55.00c. 
88.00c 
35.00c. 
30.00c. 
$23.00 
$36.00 
$74.50@$75.50 
$50.00 
$1.80 
16.50c. 
$2.00 
$6.50 
$6.00 
$7.00 


Metallic  Ores 


Beryllium  Ore,  f.o.b.  mines,  ton . 

Chrome  Ore,  45@47  per  cent,  c.i.f.,  long  ton . 

Iron  Ore,  Lake  Superior,  long  ton: 

Old  Range  bessemer . 

Mesabi,  bessemer . 

Old  Range,  non-bessemer . 

Mesabi,  non-bessemer . 

Lead  (Galena)  80  per  cent,  Joplin,  Mo.,  ton . . 

Manganese  Ore,  long  ton  unit : 

52^55  percent . 

49(^51  perceni . 

44^47  percent . 

Moljdideniim  Ore,  per  lb.  of  contained  MoSj . 

Tungsten  Ore,  per  unit  of  WO3: 

Chinese  duty  paid . 

Domestic  Scheelite . 

Vanadium  Ore,  per  lb.  of  contained  V2O6 . 

Zinc  Ore,  Prime,  60  per  cent  concentrate,  Joplin,  Mo. ;  per  ton . 


$30.00@$35.00 

$I6.00@$I7.00 

$4,80 

$4.65 

$4.65 

$4.50 

$35.00@$37.50 

24c. 

24c. 

23c. 

42c. 

$I7.00@$I7.25 

$17.00® . 

26c. 

$28.00 


Metallic  Compounds 

Arsenious  Oxide  (arsenic)  lb . 

Cobalt  Oxide,  70®  7 1  per  cent,  lb . 

Copper  Sulphate,  1 00  lb . 

SodiumNItrate, ex  vessel,  in  200-1b.  begs,  per  1 00 lb. . 
Sodium  Sulphate,  bulk  ton . 


4c. 

$1.35 
$3.85 
$1.31  4 

$13.00®$15.00 


Alloys 


Beryllium-Copper,  12.  5  per  cent  Be.  51  to  200  lb. .lb .  $3.81 

Ferrochrome,  65(^70  per  cent  chromium,  4®6  per  cent 

carbon,  lb .  lOc. 

Ferromanganese,  78@82  per  cent,  gross  ton .  $85.00 

Ferromolybdenum,  ^®60  per  rent  Mo,  lb.  of  Mocontained.  95c 

Ferroslllcon,  50  per  cent,  gross  ton .  .  $77.50 

Ferrotungsten,  75®80  per  cent  lb.  of  W  contained .  $1.35@$l.45 


Non-Metallic  Minerals 


Asbestos,  f.o.b.  mines,  ton  • 

Canadian  (Quebec) 

Crude  No.  1 . 

Crude  No.  2 . 

Spinning  fibers . 

Paper  stock . 

Shorts . . 

Vermont 

Shingle  stock . 

Paper  stock . 

Cement  stock . 

Barytes,  long  ton: 

Georgia,  crude . 

Missouri,  95  per  cent  BaS04,  I  per  cent  iron . 

Bauxite,  long  ton: 

Domestic,  chemical,  55@58  per  cent . 

Domestic,  abrasive,  78®  84  per  cent . 

Dalmatian,  50®55  per  cent . 

French,  56@59 percent . 

China  CTay,T.o.b.  mines,  ton: 

South  Carolina  and  Georgia,  bulk . 

Delaware,  No.  I . 

Feldspar,  bulk,  ton: 

Potash' feldspar,  200  mesh . 

Glass-spar,  white,  20  mesh . 

Fluorspar,  f.o.b.  mines,  bulk,  Kentucky  and 

Illinois,  85-5  per  cent,  ton . 

Fuller's  earth,  f.o.b.  Georgia  or  Florida,  ton . 

Magnesite,  per  ton: 

Dead-burned,  f.o.b.  California! . 

Dead-burned,  f.o.b.  Wa.shington . 

Mica,  per  lb..  North  Carolina,  No.  I  and  2  quality: 

Hx2in . 

2x2in . 

2x3in . 

3x4  in . 

4x6  in . 

White,  ground,  70  mesh,  ton . 

Ocher,  (Georgia,  ton . 

Pyrites,  Spanish,  per  long  ton  unit  of  S,  c.i.f.  .\tlantic  ports. 

Silica,  water-floated,  in  bags,  325  mesh,  ton . 

Sulphur,  Texas  mines,  long  ton . 

Talc, f.o.b.  works,  ton: 

New  York,  double  air-floated,  325  mesh . 

New  Jersey,  mineral  pulp . 

Vermont,  extra  white,  200  mesh . 

Tripoli,  Missouri,  ton: 

40  mesh,  cream  colored . 

200  mesh,  cream  colored . 

(a)  Nominal. 


$450® . 

$200®$225 
$90®$  1 35 
$32®  $37 
$11®  $15 


$23® 


$7®. 

$5®. 


$6®  $7.50 
.  .$I2.50®$I5.00 
(a) $4. 50®  $6.00 
(a) $5. 50®  $6.50 

.  $5.00®  $6.50 
.$14.00® . 


$17.00 

$11.50 


$16.00® . 

$I0.00®$I4.00 

$25.00® . 

$22.00® . 


15®  30c. 
30®  50c. 
50®65c. 
90®  $1.25 
$1.50®  $2.50 
$60. 00®  $80. 00 
$I9.00®$22.50 
(a)  12®  124c 
$I6.00®$40.00 
$18.00® . 


$I2.00®$I5.00 
$8. 00®  $10. 00 
$8.50®  $9.00 


$16.00® 

$26.00® 


Iron  and  Steel 

Pig  Iron,  Valley,  furnaces,  gross  ton: 


Bessemer .  $19.00 

Basic .  $18.00 

No.  2Foundry .  $18.50 

Steel,  base  prices,  Pittsburgh : 

Billets  and^heet  bars,  gross  ton .  $27.00 

Structural  shapes,  1 00  lb .  $1.80 

Bars. 100  lb .  $1.80 
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MONTHLY  AND  YEARLY  AVERAGE  PRICES 


Silver  and  Sterling  Exchange 

. — New  York — .  - — London  Spot — .  Sterling  Elxchange 


1933 

1934 

1933 

1934 

1933 

1934 

January . 

25.'400 

44. 188 

16.883 

19.382 

336.060 

504.644 

February... . 

26.074 

45.233 

16.885 

20.073 

342.  114 

503.085 

March . 

27.928 

45.875 

17.588 

20.278 

343. 138 

509.259 

April . 

30.730 

45. 180 

18.440 

19.740 

357.565 

515.210 

May . 

34.072 

44  226 

19.046 

19.276 

393.  106 

510. 510 

June . 

35.663 

45. 173 

19.078 

19.981 

413.216 

504.721 

July . 

37.630 

46.310 

18.341 

20.512 

464.760 

503.990 

AllglLVI  .  .  .  . 

36.074 

17.877 

449.944 

September.. . 

38.440 

18.272 

466.  240 

October 

38. 190 

18.221 

466.380 

November. .. 

42.974 

18.428 

514.573 

December. . . 

43.550 

18.674 

511.260 

Year . 

34.727 

18.144 

421.530 

New  York  quotations  for  silver  not  eligible  for  sale  to  U.  S.  Governiiieiit.  cents 
ler  ounce  troy,  999  fine.  London,  pence  per  ounce,  sterling  silver,  925  fine. 
Sterling  exchange  in  cents. 


Zinc 

. — St.  Louis - .  ' - - - London 


1933 

1934 

1933 

1933 

1934 

1934 

Spot 

3  Mos. 

Spot 

3  Mos. 

January . 

3.018 

4.271 

14.381 

14.595 

14.688 

14.943 

FeOruary . . . . 

2.666 

4.  384 

13.866 

14.  119 

14.844 

15.  125 

March . 

2.987 

4.368 

14. 647 

14.674 

14.735 

15.033 

April . 

3.298 

4.370 

14.951 

15.  208 

14.916 

15.200 

May . 

3.805 

4.346 

15.505 

15.660 

14.722 

14.966 

June . 

4.348 

4.  240 

16.988 

16.774 

14. 241 

14.467 

July . 

4.878 

4.317 

17.795 

17.789 

13.466 

13.693 

August . 

4.916 

16.869 

17.031 

September.. . 

4.699 

16.810 

17.042 

October . 

4.748 

16.310 

16.599 

November... 

4.520 

15.048 

15.349 

December. . . 

4.461 

|4  820 

13.059 

Year . 

4.029 

15 

15.825 

St.  Louis  quotations,  cents  per  pound.  London,  pounds  sterling  per  long  ton. 


Copper 

. —  F.O.B.  Refinery  — . 

. — Domestic — -  Elzport 

. — Standard — . 

^Electrolytic—^ 

1933 

1934  1934 

1933 

1934 

1933 

1934 

January . 

.  4.775 

7.890  7.831 

28.557 

32.560 

33.244 

35.614 

February . 

4.775 

7.777  7.844 

28.481 

33.072 

32.556 

35.969 

March . 

5.011 

7.775  7.837 

28. 179 

32.497 

32.370 

35.512 

April . 

5.395 

8.173  8.053 

29.576 

33.006 

33.681 

36.038 

May . 

6.698 

8.275  7.913 

34.071 

32.662 

38.163 

35.756 

June . 

7.773 

8.594  7.705 

36.759 

32. 149 

41.000 

35.339 

July . 

8.635 

8.775  7.146 

37.917 

29.707 

41.524 

32.778 

August . 

8.768 

36.071 

40.227 

September. ... 

8.753 

35. 122 

38.339 

October . 

7.950 

33.656 

36.977 

November... . 

7.881 

30.588 

33.898 

December. . . . 

7.885 

31.306 

34.329 

Year . 

7:025 

32.524 

36.359 

New  York  quotations,  cents  per  pound. 

London,  pounds  sterling  per  long  ton. 

Lead 

^New  York— N 

^St. 

Louis — ■ 

-  London  - 

1933 

1934 

1933 

1934 

1933 

1933 

1934 

1934 

Spot 

3  Mos. 

Spot 

3  Mos. 

January... 

3.000 

4.000 

2.875 

3.900 

10.458 

10.833 

11.304 

11.517 

February.. 

3.000 

4.000 

2.875 

3.900 

10.431 

10.719 

1 1.634 

11.913 

March .... 

3.  146 

4.000 

3.021 

3.900 

10.609 

10.821 

11.545 

11.842 

April . 

3.260 

4.  179 

3.135 

4.042 

10.872 

11.122 

1 1 . 500 

11  794 

May . 

3.654 

4.  140 

3.525 

3.990 

12.095 

12.372 

11.051 

11.341 

June . 

4. 173 

3.975 

4.023 

3.825 

13.280 

13.571 

11.054 

11.253 

July . 

4.452 

3.772 

4.303 

3.623 

13.411 

13.613 

10.813 

11.045 

August .... 

4.500 

4.350 

12. 182 

12.457 

September. 

4.500 

4.350 

11.932 

12.229 

October.... 

4.313 

4.176 

11.804 

12.  102 

November. 

4.288 

4.  146 

11.537 

11.778 

December. 

4.  141 

4.042 

11.431 

11.658 

Year.  .  . 

3.869 

3.735 

11.670 

11.940 

New  York  and  St. 

Ix>ui8  quotations,  cents  per  pound. 

London,  pounds  sterling 

per  long  ton. 

Tin 

1933 

1934 

1933 

1934 

. - Straits - < 

. — Standard. 

Spot - 

January . 

.  22.692 

51.891 

145.708 

226.631 

February . . 

.  23.500 

51.668 

148.544 

226.731 

March . 

.  24.221 

53.838 

149. 120 

233.863 

April . 

.  27.136 

55.622 

157.944 

239. 181 

\iay . 

.  36.051 

53  541 

186.207 

234  239 

June . 

.  44.097 

51.271 

219.964 

226.875 

July . 

.  46.356 

51.930 

216.673 

230.381 

August . 

.  44.794 

215.210 

September . 

.  46.665 

216.893 

October . 

223.455 

November . 

.  53.011 

226. 722 

December . 

.  52.936 

227,678 

Year . 

.  39.110 

194.510 

New  York  quotations,  cents  per  pound.  London,  pounds  sterling  per  long  ton. 


Cadmium  and  Aluminum 

. - Cadmium - ^ 

- - Aluminum - , 

1933 

1934 

1933 

1934 

January . 

.  55.000 

55.000 

23. 300 

23.300 

February . 

.  55.000 

55.000 

23. 300 

March . 

.  55.000 

55.000 

23.  300 

April . 

.  55.000 

55.000 

23. 300 

23. 300 

May . 

.  55.000 

55.000 

23. 300 

June . 

.  55.000 

55.000 

23.  300 

July . 

.  55.000 

55.000 

23.  300 

August . 

.  55.000 

23. 300 

September. ... 

23.  300 

October . 

.  55.000 

23. 300 

November... . 

.  55.000 

23.300 

December. . . . 

.  55.000 

23.300 

Y  ear . 

.  55.000 

23.300 

.\luminum  in  cents  per  pound.  99  per  cent  grade. 

Cadmium,  cents  per  pound 

Antimony, 

Quicksilver, 

and 

Platinum 

Antimony  (a) 

Quicksilver  (b) 

Platinum  (c) 

New  York 

New 

York 

New  York 

1933 

1934 

1933 

1934 

1933 

1934 

January . 

.  5.722 

7.  198 

48.500 

67.538 

26.480 

38.000 

February . 

5.738 

7.  172 

48.614 

72.011 

24.000 

38.000 

.March . 

.  5.901 

7.545 

52.676 

75.472 

24.667 

38.000 

.\pril . 

.  5,876 

7.918 

54. 580 

75.930 

26. 800 

38.000 

May . 

.  6.264 

8  465 

56. 500 

75  577 

28. 500 

36.538 

June . 

.  6.500 

7  900 

60.038 

75.000 

30.000 

3j.000 

July  . 

.  7.262 

8.024 

62.900 

75.000 

32.320 

36.000 

.August . 

.  6.986 

63. 500 

33.000 

September. ... 

.  6.880 

64.580 

34. 560 

October . 

.  6.843 

66. 500 

36.000 

November... . 

.  7.113 

66.000 

37.  583 

December. . . . 

.  7.250 

66. 330 

38.000 

Year . 

.  6.528 

59. 227 

30. 993 

(a)  .Antimony  quotations  in  cents  per  pound,  for  ordinary  brands,  (b)  Quick* 

silver  in  dollars  per  flask  oi  76  lb. 

(c)  Platinum 

in  dollars  per  ounce  troy. 

Pig  Iron 

. — Bessemer^ — . 

. - Basic - > 

No.  2 

Foundry 

1933 

1934 

1933 

1934 

1933 

1934 

January... . 

14.50 

18.00 

14.00 

17.00 

14.  50 

17  50 

February... 

14.50 

18.00 

14.00 

17.00 

14.  50 

17  50 

March . 

14.50 

18. fO 

14.00 

17.00 

14.50 

17.50 

April . 

14.50 

18.48 

14.00 

17.  48 

14.  50 

17.98 

May . 

15.42 

19.00 

14.42 

18  00 

14.92 

18.50 

June . 

16.00 

19.00 

15.00 

18.00 

15.50 

18.50 

July . 

16.50 

19.00 

15.50 

18.00 

16.00 

18.50 

August . 

17.00 

16.00 

16.50 

September. 

18  00 

17.00 

17.50 

October. . . . 

18.00 

17.00 

17.50 

November. 

18.00 

17.00 

17.50 

December. . 

18.00 

17.00 

17.50 

Year . 

16.24 

15.41 

15.91 

Iron  in  dollars  per  long  ton. 

F.o.b.  Mahoning 

and  Sbenango  Valley  furnaces. 
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